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NOTICE. 



The area represented on Sheet 70 of the Geological Survey of 
England contains a considerable portion of the Jurassic escarp- 
ments of Lincolnshire and is not unfamiliar to general readers,, 
inasmuch as the line of the Great Northern Railway runs through 
it for nearly 30 miles, passing by Grantham and Newark. The- 
rocks embraced in it range from the Keuper Marls up to the 
Kimeridge Clay. Among these the Lincolnshire Limestone 
attains its greatest thickness and covers a considerable rbreadth 
of ground, while the Marlstone also is locally well developed but 
presents a remarkable inconstancy of thickness. 

As the area is a continuation of that described in the Geological- 
Survey Memoir on the " Geology of Rutland " (Sheet 64) by 
Pkopbssoe Judd, wherein the characters and classification of 
the Jurassic Strata of the Midland districts, and their correlation 
with those to the south-west and north, were fully discussed, the • 
reader is referred to that Memoir for general questions , which 
it has not been deemed necessary to re-open here. The present 
Explanation is confined to a description of the rocks that occur 
within the limits of the Map. 

The Glacial and Post-glacial deposits, which play so important 
a part in the geology of the area, are represented on a separate 
edition of the Map. As they were only briefly discussed in the 
Rutland Memoir, and as they here present features of special 
interest, they are described in some detail in the following pages, 
references being also made to their extension into neighbouring, 
districts. 

Some features of economic importance are likewise enumerated! . 
One of the most noticeable of these is the occurrence of no fewer 
than four distinct platforms of ironstone, two iu the Lias, one in 
the Inferior Oolite, and one in the Great Oolite. 

Arch. Geikie, 

Geological Survey Ofiice, Director GeneraL 

11th July 1885. 
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NOTICE. 



The preparation of this Explanation would naturally have 
devolved upon the late Mr. W. H. Holloway, who surveyed the 
greater part of the Map, had he lived to complete the work upon 
which he had been so long engaged. 

In conjunction with Messrs. W. H. Penning and W. H. Dalton, 
Mr. Jukes-Browne assisted in mapping the area that remained 
unsurveyed on Mr. Holloway's death, and was subsequently en- 
trusted with the task of arranging the materials for the expla- 
nation of the district comprised in the' sheet. 

The MS. notes left by Mr. Holloway were not so numerous as 
might have been expected; but he probably felt that it was 
unnecessary to repeat in detail descriptions of beds which had been 
so fully illustrated in Professor Judd's Memoir on the adjoining 
Map (Sheet 64). In the preparation of the following pages 
Mr. Jukes-Browne has taken that Memoir as his guide, compiling 
therefrom a general description of each formation, and appending 
the accounts of such sections as had been observed in Sheet 70 
by Messrs. Holloway, Skertchly, Penning, Dalton, and himself. 
Notes recently taken by Mr. H. B Woodward and W. A. E. Ussher 
on the Middle Lias, are inserted. 

Chapters III. and VII., Trias and Oxford Clay, together with 
Appendices II. and III., have been written by Mr^W. H. Dalton, 
who has also assisted in the preparation of Chapters IV. (Lias), 
VI. (Great Oolite), and XIII. (Mineral Besources). Appendix IV. 
(Bibliography) has been compiled by Messrs. Whitaker and 
Dalton. 

The lists of fossils and the tables in Appendix I, have been 
revised by Messrs. Sharman and Newton. 

H. W. Beistow, 

Geological Survey Office, Senior Director. 

28, Jermyn Street, 
July 1885. 
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THE GEOLOGY 

OF THE 

S.W. PART OF LINCOLNSHIRE, 

WITH 

PARTS OF LEICESTERSHIRE AND 
NOTTINGHAMSHIRE. 



CHAPTER I. 



General Description of the Rock-Groups occurring in 

the District. 

The rocks which rise to the surface within the area of Sheet 70 
include representatives of three of the great systems into which 
the Geological series is divided. These three are the Triassic, the 
Jurassic, and the Pleistocene. They fall naturally, however, into 
five well-marked groups, 'as below : — 

1. The Trias. 

2. The Lias. 

3. The Jurassic Limestones. 

4. The Jurassic Clays. 

5. The Pleistocene Beds. 

The series commences with the uppermost -member of the Trias 
and the passage beds (Rhaetic) between the Triassic and Jurassic 
systems, which are so persistent in their occurrence. The Lias is 
very fully developed, both in its Lower, Middle, and Upper 
divisions. It is succeeded by the two groups of the Lower Oolites, 
viz., the Inferior and the Great Oolite ; the former of these, how- 
ever, is only partially represented, and seems to have suffered 
some erosion and disturbance before the deposition of the latter 
upon it. There is here, therefore, a local break and unconformity. 
The Great Oolite is displayed in four subdivisions, which may be 
correlated with those of the south-western counties. 

This upper member of the Lower Oolite is succeeded by the 
lowermost division of the Middle Oolites, viz., the Oxford Clay, 
which passes up into the Kimeridge Clay, the episode of the Coral 
Rag being here absent. 

The Kimeridge Clay is the highest member of the Secondary 
Series found within the limits of the map, the Portland and 
Purbeck Beds being unrepresented, while the whole of the 
Cretaceous, and the greater part of the Tertiary strata lie entirely 
outside its area. Consequently there is an enormous gap and 
great unconformity between the older Secondary rocks and the 
Pleistocene deposits which spread over their edges. 



GEOLOGY OF S.W. LINCOLNSHIRE. 



The following is a tabular, view of the rock-groups above- 
mentioned, exhibiting also such of their sub-divisions as have 
received a distinct colour on the map, and the maximum thickness 
attained by each division in the district we are about to describe. 







' ' Table of Rock-Groups in Sheet 70. 
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The Trias. 

The Trias, or New Red Sandstone, consists, in England, of two 
members — the Bunter and the Keuper, and the latter has been 
sub-divided as follows in 1 he neighbouring Sheet 71 :— 
f 3. Red Marls and thin Sandstones. 

Keuper - -j 2. Soft Brown Sandstones and thin Marls, 
i^l. Fine and coarse Sandstones. 

Only the Upper Keuper Marls come to the surface within 
the limits of Sheet 70. These consist of thick red and bluish- 
grey marls, containing layers and nodules of gypsum, and inter- 
bedded with thin courses of red and white sandstones. The 
total thickness of this series near Newark appears to be about 
840 feet 

The Melton Mowbray boring of 1883 penetrated nearly 250 feet 
into these beds, several miles from their outcrop, in Sheet 64. (See 
Appendix II, p. 147.) 



bock-groups. 3 

The Eh^etio Beds. 

The Bhsetic, or Penarth Beds, are in reality passage 6eds con- 
necting the two great systems of the Trias and Lias, and they are 
not of more than zonal importance in England. They consist of 
dark grey or nearly black shales at the base, with grey marls 
above. In Sheet 70 they appear to connect themselves more closely 
with the Lias than with the Trias, as they pass gradually and 
conformably up into the former. Their thickness in this district 
is nowhere more than 25 feet. These beds have been proved at 
Grantham and Melton Mowbray, far within the Lias area. (See 
Appendix II.) 

The Lias. 

In the district under description the different members of the 
Liassic group are well developed, the whole formation attaining a 
thickness of nearly 1,000 feet. Moreover, its surface is tolerably 
free from superficial deposits; so that it is well exposed for 
examination. The number of open sections, however, is very 
few considering the extent of area exposed, and none of them show 
any great depth of clay or rock. 

The Lias is essentially a clay-formation, but layers of calcareous 
and ferruginous rock occur at certain horizons, and the whole 
series has been divided into three portions, a Lower, Middle, and 
Upper. In Sheet 70 these admit of further division by means of 
the more important rock-beds, which separate the masses of argil- 
laceous strata, as already indicated in the preceding table ; and the 
limitation of certain fossils to particular horizons renders it possible 
to make a still more minute sub-division into palseontological 
zones. 

The Lower Lias is very persistent in its extension across 
England, and in the Midland counties it everywhere presents a 
similar succession of beds with a similar fossil fauna. The only 
peculiar feature in the area of Sheet 70 is the develppment of 
ferruginous limestones in the zone of Ammonites semicostatus, 
which thicken northward towards the Frodingham district and 
there become of importance as iron-ores. 

The Middle Lias consists of a series of qlays, sands, and sandy 
clays in the lower part, overlain by a bed of hard, sandy, 
ferruginous, and calcareous rock, termed the Marlstone. 

The Upper Lias consists entirely of light blue clays, with lines 
of the calcareous concretions known as Septaria. Its thickness 
is more variable than that of the Middle or Lower Lias, and 
decreases greatly when traced either southward into Oxfordshire, 
or northward through Lincolnshire. The boring at Quarrington 
(see Appendix II.) seems to have found the Upper Lias very 
thick, but the account preserved is not altogether probable or 
trustworthy. 

The Lower Oolites. 
The strata of this division in Lincolnshire present a peculiar 
and local type, differing widely from those which were formed 
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during the same peripd in Yorkshire on the one hand and in 
Gloucestershire on the other. 

Distinct names have therefore been given to the several rock T 
groups in the Lincoln and Northampton district, and their relation 
to the better-known Gloucestershire Oolites has been fully ex- 
plained by Professor Judd in his Memoir on the Geology of 
Rutland.* To this work we must refer the reader for a detailed 
discussion of the subject, confining ourselves . here to reproducing 
some of the conclusions at which he arrives. 

These are best shown in a tabular form, and the following table 
exhibit's the several stages or sub-divisions which have been 
established in our district and the extent to which they are 
correlative with those in Gloucestershire. 

Lincolnshire. Gloucestershire. 



o 



{Cornbrash. Cornbrash. "") 

Great Oolite Clays. . Forest Marble. i 

Great Oolite Limestone. Great Oolite Limestone. /> £ 3 

Upper Estuarine Series. , Great Oolite L. (Lower Zone.) ( Oo 
Absent. Fuller's Earth. J 

Absent. The Bagstone series. j 

? Lincolnshire Oolite (npper part). Upper Freestones. I g • 

g gj ("Lincolnshire Oolite. Oolite Marl. I 'B .-g 

"g .-a J C Lower Lower Freestones and Pea (=§ 'o 

=8 "o "I Northamp- < Estuarine series.- Grit. | h^ 1 

m L ton Sand (JEronstone. ? Midford Sands. J -■ 

From this it will be seen that in both districts the whole series 
is capable of being divided into two great groups which are known 
respectively by the name of the Inferior Oolite and the Great 
Oolite. It is also evident lhat there is a much greater difference 
between the representatives of the lower group in each area than 
there is between the representatives of the upper group. Two 
members of the latter indeed, viz., the Oornbrash and the Great 
Oolite Limestone, present similar characters in both areas ; but 
the members of the inferior Oolite in Lincolnshire are altogether 
different in lithological characters from the rocks of the same age 
in the south-west. 

Inferior Oolite. 

The Northampton Sand is essentially an arenaceous formation, 
but the upper portion frequently includes seams of lignite and 
layers of clay containing freshwater and estuarine shells ; hence 
it has been termed the Estuarine Series. The lower portion 
generally consists of ferruginous sands, parts of which are con- 
verted into a rioh ironstone rock. The fossils of this rock are 
marine, and are the same as those found in the Lower Freestones 
of the Gloucester section. Roth belong to the zone of Ammonites 
Murchisonim. 

The Lincolnshire Oolite, according to Professor Judd, belongs 
to a zone which is elsewhere very feebly represented in England, 

* Loc. cit., p. . 



R0CK-QROUPS. 5 

namely, that of Ammonites Sowerbyi. The Oolite Marl, which is 
supposed to be its analogue in the south, is only 7 feet thick at 
Cheltenham, and thins out quickly towards the north. The 
Lincolnshire Limestone commences in the north of the county of 
Northampton, coming in like a wedge between the two Estuarine 
Series, and rapidly thickens northward till near Grantham it 
attains a thickness of about 120 feet. The zones of Ammonites 
humphresianus and Ammonites Parkmsoni are altogether absent 
in Lincolnshire, unless the former is represented by the upper 
portion of the Lincolnshire Oolite. 

Divisions of the Great Oolite. 

The Upper Estuarine Series, as its name implies, is a shallow- 
water formation, consisting of a series of clays, limestones, and 
sands, with a mixture of marine and freshwater shells. They are 
supposed to be on the same geological horizon as the Stonesfield 
Slate, which forms the base of the Great Oolite in Gloucester- 
shire. 

The Great Oolite Limestone, or rather the upper portion of 
the division known by that name in Gloucestershire, can bj3 
traced all across England into Lincolnshire, and though varying 
in thickness it presents throughout the same general characters. 

The Great Oolite Clays occupy the same relative position 
between the Great Oolite Limestone and the Cornbrash Lime- 
stone as the Forest Marble and Bradford Clay do in the south 
of England. They may therefore be considered as the equivalent 
of these groups ; but they are usually very barren of fossils, 
while their southern representatives are more fossiliferous. 

The Cornbrash is a band of shelly ferruginous limestone which 
nowhere attains any great thickness, but which is remarkably 
constant in its characters and persistent in its extension. 

The Oxford Clay.- 

This is the second great cjay formation of the Jurassic System 
and it retains its general characters and thickness all across the 
centre of England from Dorsetshire to the Humber. The base- 
ment beds are generally sandy and contain the same fossils as are 
found in the Kellawa.ys Hock of Wiltshire. In the Midland 
counties, however, this Kellaways. group is so variable in thickness 
and character that it has not been thought advisable to give it a 
separate colour on the Survey Maps ; but the localities where 
the beds are well developed have been indicated on the maps by 
the abbreviation KEL. In Sheet 70 the greater part of the 
Oxford Clay lies at a low level under the Fenland, and is 
concealed from view by the overlying Glacial and Postglacial 
Deposits. 

The Kimeridge Clay. 
The Coral Eag being absent in this part of England the 
Oxford Clay is succeeded directly by the Kimeridge Clay, and 
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it is difficult to draw any hard and fast boundary line between 
them. It is only in the north-west corner of the district, near 
Tattershall, that the Kimeridge clay occurs ; but even there its 
surface is covered by more or less of sand, gravel, or Boulder 
Clay. The total thickness of the clay in Lincolnshire is as yet 
unknown. 

Glacial Deposits. 

These deposits, as already stated, are very much more recent 
than those we have just described, and are spread out over the 
underlying Secondary rocks, resting unconformably upon their 
upturned edges or surfaces. They present no definite and regular 
succession of beds, but may be said to consist of two great masses 
of unstratified Boulder Clay, with intercalated beds of gravel 
and sand. 

There are, however, certain gravels which possess more definite 
characters and are only found below the Boulder Clay series. 
These consist almost entirely of detritus obtained from the Jurassic 
rocks, and have been considered as Pre-Glacial by Professor 
Judd. 

The Older Boulder Clay itself consists of a tough clay which is 
usually mixed with chalky matter, and is crowded with stones 
and fragments of all kinds of rocks, lumps of chalk, flint, and 
Oolitic Limestone being the most abundant. In some places the 
chalky matter is so preponderant that the mass is little more than 
the reconstructed material of that formation, and hence it is 
sometimes called the Chalky Boulder Glay. 

The gravels associated with this Boulder Clay consist of rounded 
pebbles and blocks of the same rocks which occur as boulders in 
the clay : they are usually only roughly and, irregularly stratified. 

The Newer Boulder Clay is not so tough as the older clay, 
containing a larger admixture of sand ; the stones in it are 
usually smaller and in colour it is generally mottled grey and 
brown, but is sometimes of a uniform brown. The gravels 
associated with it are generally mixed and interstratified with 
sand. 

Post-Glacial Deposits. 

These include all the beds of gravel, sand, silt, and peat which 
are more recent than the Glacial Deposits. They are naturally 
divisible into two classes according to their mode of formation ; 
(1.) Those which occur within the limits of the Fenland, and are 
for the most part of marine origin. (2.) Those which occur in 
the various river valleys of the district, and are entirely of 
fluviatile origin. 

The former consist chiefly of beds of marine silt and clay with 
inter-stratified layers of peat ; they were deposited during the 
gradual silting up of the broad open estuary which is now con- 
verted into the level plain of the Fenland. 

The latter consist of beds of gravel, sand, and brick earth, 
which occur in the valleys at various heights above the present 
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levels of the river-channels, and they indicate the manner in which 
the streams have changed their courses from time to time during 
the gradual excavation of their valleys. 

Since the process of valley-erosion was in progress during the 
whole of the time occupied by the silting up of the Fenland 
estuary, the two series of marine and fluviatile deposits may be 
regarded as contemporaneous. 

The most recent deposits in each case are the layers of peat and 
turf which are found on the surface of some parts of the Fen, 
and the alluvial earth and silt which the streams have deposited 
over the flood-levels which border their banks ; but we do not see 
any necessity for making these into a separate division and dis- 
tinguishing them from the older beds under the name of Recent 
Deposits. All deposits formed since the passing away of the 
Glacial Period are Post-Glacial, and we therefore protest against, 
the establishment of two geological periods in Post-Glacial time, 
partly on logical grounds and partly because such a terminology 
may give the false impression . that the " Recent " deposits were 
formed under altogether different conditions from those which 
prevailed in the time immediately preceding. 
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CHAPTER II. 

Physical Features and Geological Structure of the 

District. 

General Description, — Sheet 70 of the Geological Survey Map 
includes an area of about 800 square miles. The central portion of 
this district consists of hilly ground rising to a height of about 400 
feet above the sea ; this descends eastward by gentle slopes down 
to the great plain of the Fenland, and westward by a series of steps 
or escarpments to the low ground fraversed by the Rivers Trent 
and Witham. The level of that part of the Fens which comes 
within the sheet is seldom fnore than 16 feet above the Ordnance 
datum level; and the level of the Alluvium near Newark is about 
30 feet above the same datum line. 

The greater portion of the district lies in the county of Lincoln, 
but the western border includes parts of Leicestershire and 
Nottinghamshire. The chief towns are Newark, Grantham, 
Sleaford, and Spalding. 

The drainage of the district is effected by a number of small 
streams, all of which make their way eventually into one of the 
three following rivers, the Trent, the Witham, and the Glen. 

The main stream of the Trent crosses the extreme north-western 
corner of the Map near Newark, where it is joined by the small 
river Devon, of which the Smite and the Car-dyke are tributaries, 
and by these all the western part of the district is drained. 

The river Witham rises just outside the southern edge of the 
Map near a village of the same name, and flows northward, through 
a narrow but comparatively deep valley, to Grantham, where the 
valley opens out and trends slightly to the north-east as far as 
Barkstou. It then bends to the westward, passes through ihe 
escarpment of the Middle Lias, and crosses the plain of the Lower 
Lias as far as Long Bennington, where it is again deflected north- 
ward and preserves that direction till it passes ' out of the Map 
beyond Beckingham. Its further course lies through Sheet 83 as 
far as Lincoln, where it takes a remarkable bend to the east, and 
eventually flows south-ea^t so as to re-enter Sheet 70 and traverse 
the fen country in the north-east corner of the Map. All the 
becks which drain off the high ground in the north part of the 
district fall into the Witham, those flowing west being directed 
into the first part of its course, and those flowing east joining it in 
its passage through the Fetos. 

The river Glen rises near Samerby, about three miles E.S.E. of 
Grantham, and flows southward into Sheet 64. A tributary of 
the same river also rises between Somerby and Great Humby, and 
flows southward in a parallel direction. Before receiving this 
tributary the Glen bends to the north-east in Sheet 64 and 
re-entering Sheet 70 flows through the Fens in the south-east 
part of the latter Map, and falls into the Welland near Surfleet. 
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Most of the becks which flow off the eastern slope of the high 
lands between Sleaford and Bourn are carried across the Fens by 
lodes and dykes into the Glen. 

Structure of the Country. — The normal dip of the strata in 
Sheet 70 is to the E.S.E., so that the oldest rocks are found on the 
west and the newest on the east. The general strike of the lines 
of outcrop is therefore from S.S.W. to N.N.E. ; but in the south- 
western corner the strike is deflected farther to the west by a 
combination of faults and flexures which have led to the develop- 
ment of a long promontory or projection of the outcrops far 
beyond the normal line of strike. 

Except in the south-west part of the district, therefore, the 
outcrops of the several rock groups we have described form tracts 
of greater or less breadth, stretching across the Map from south to 
north ; the width of each depending partly upon the thickness of 
the outcropping stratum, and partly upon the slope of the ground 
> along which it comes to the surface. 

The whole district may be described as consisting of a succes- 
sion of soft clays and hard rocky strata, and the main physical 
features of the country have been entirely determined by this 
structure. Rain, frost, and running water have acted upon the 
original surface presented by these beds, and have worn away the 
soft clays more rapidly that the harder rocks, so that the latter 
stand out and form bold steps or escarpments one beyond the 
other. 

A person travelling from the west and crossing the river Trent 
would first pass over low undulating ground formed by the Triassic 
Marls and Sandstones ; the eastern boundary of these he would 
find to be a low ridge or escarpment formed by the Rhsetic Shales 
and the overlying Lias Limestones (See Fig. 1, k.) Traversing this 
he would enter upon a broad plain of Lower LiaS Clay, beyond 
which the outcrop .of a ferruginous stone (Fig. 1, g) causes a 
a second rise or terrace followed by a second plain of clay. 
Passing over this plain he would find himself confronted by the 
bold escarpment of the Middle Lias, consisting of a steep slope of 
sandy clays surmounted by the ferruginous rock of the Marlstone. 
The outcrop of this rock forms a broad terrace or platform, which 
in the southern and central portions of its extent is intersected by 
numerous deep valleys. These valleys have been produced by the 
combined action of rain and springs, and contribute greatly to 
the beauty of the scenery about Belvoir Park, Harston, Denton, 
' and Barrowby. Every little stream has cut its way down through 
the Marlstone Rock into the soft clays and sands beneath, so that 
portions of the former are often entirely circumdenuded and left 
as insulated flat-topped hills, some of which reach to 360 feet 
above the level, of the sea. 

The accompanying diagrammatic section (Fig. I), represents 
the structure of the country we have been describing, Belvoir 
Castle, standing upon a very small outlier of the Marlstone cut off 
from the main outcrop at Harston by the deep valley of the 
River Devon. 



10 



GEOLOGY OF S.W. LINCOLNSHIRE. 



SiO o^3 w ^ 






s 




.4 


u 






§ 




' 


5*, 












§ 






u 






Co 






^ 


. 


a 





.fl 


fe- 





2 


si 


3S 


.a 


n 


*£& 


J3 




© 


3 


« 










« 


+> 




■■=; 


a> 




%« 


«2 


-- 


^ 






8 


93 


*» * 


03 


"*S 


"3 




^ 




■§ 


03 


r« 1 


£ 


02 



CO 



i 

I? 



ffl 



V 


a* 




? 

^ 


1 






OS 




^ 


O 


S 


«3 


1 


'a 


■s 


a 


13 


"Ki 




V 


n 




« 










s» 






u 


a 




e 







s 


OS 




.0 


0> 





HI 



a 



■B 



M m 






<3 



13 

H 03 



o .3 2 * C 

■^I.sl 

S 5.SJ » 



I . 

8 S3 



5 

•5 BD J 
._M el £» 



3 9 .fl»d ? 



PHYSICAL FEATURES. 11 

East of the Marlstone terrace there is another steep slope or 
escarpment consisting of the Upper Lias Clay and the North- 
ampton Sands capped by the Lincolnshire Limestone. The edge 
of this second great escarpment is about 300 feet above the sea, 
and it forms a continuous feature from Waltham-on-the- Wolds 
in the south-west corner of the map to Wellingore on the north. 

The Lincolnshire Limestone forms a broad plateau, sloping 
gently towards the east and intersected occasionally by deep 
valleys ; it may be considered as the rocky basis upon which rest 
the overlying strata of the- Great Oolite, which do not present 
continuous escarpments like those we have been describing, but 
form a succession of irregular promontories and outliers. 

The Great Oolite series, consisting of two limestones each 
resting upon a mass of clay, produces hills with terraced slopes 
and a tabular outline ; but these natural features are frequently 
masked by the sheets of Boulder Clay which spread over this 
portion of the country, and almost entirely conceal the outcrop of 
the underlying rocks. 

The southern and central portions of the area are much more 
overspread by the Glacial Clay than are the northern heights, 
and consequently the hills in the former district owe their 
generally rounded outline and well-wooded surface to the presence 
of this mantle of clay. These wooded highlands are intersected 
by sinuous valleys along the sides of which the different members 
of the Oolite series are exposed. 

The general level of the ground sinks gradually towards the 
east, and the various formations we have described pass under- 
neath the gravel, silts, and clays of the Fenland, which occupy all 
the eastern part of Sheet 70. The surface of this part of the 
Fens is not a perfectly level plain, for the clay and silt lands on 
which most of the towns are situated, stand higher than the peat- 
covered ground which lies between these tracts and the highlands 
on the west. 



Faults and Flexures. 

Faults. — The most powerful faults in Sheets 64 and 70 are the 
transverse faults, or those which cut across the beds in an east 
and west direction and interfere with the continuity of their 
strike. It is remarkable that all these transverse faults, whether 
small or great, cause downthrows to the north. The strike-faults 
or those which are roughly parallel to the strike and interfere 
with the continuity of the dip, are of minor importance and are 
not uniform in the direction of their downthrow, this being some- 
times on the eastern and sometimes on the western side. 

The fault which runs from Cotham lodge, five miles south of 
Newark to Syston Park, north of Grantham, is one of the most 
important, Near Cotham it throws down the entire thickness 
of the Ehsetic series, bringing beds deep in the Trias into contact 
with the limestones of the Am. planorbis zone, so that the 
throw here is probably more than 80 feet. Near Staunton Grange 

E 14304. B 
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it bifurcates, the shorter branch passing throughXong Bennington 
and splitting into two branches east of that village, both of which 
are found to displace the outcrop of the Am. semicostatus zone, 
but are not traceable farther to the eastward. 

Near Bennington the faults produce marked features by bringing 
together beds of different degrees of coherence, and the main line 
of dislocation can be traced south-east to Thackson's Well, and 
thence eastward between Foston and Allington to the valley of 
the Witham near Belton. It is found again between Belton and 
Syston Parks, the great escarpment .being there broken by three 
distinct lines of fault, with throws in different directions, but the 
general result is still a downthrow to the north. The two 
southern slips appear to unite near the farm called Luftons on the 
map, and are continued eastward as a single fault with a down- 
throw to the north ; the third or northern branch has a downthrow 
to the south, so that a long wedge-shaped tract of Lincolnshire 
Limestone with small outliers ot the Upper Estuarine series is 
thrown down between these two lines of fault. 

From Gipple the dislocation changes its direction to the S.E. 
and passes by a more sinuous course near Oseby and Dembleby 
to a point about a mile S.E. of Osbournby. Here it faults the 
Cornbrash against Oxford clay, and its further prolongation is 
lost among the clays to the eastward. But a minor parallel 
dislocation cuts off the northern side of the inlier of Cornbrash at 
Threckingham. The length of this line of fault from Cotham 
Lodge to Osbournby is nearly 20 miles. 

In the south-western part of the sheet there are a series of 
faults which are more or less parallel to. the general strike, and 
though none of them are very powerful dislocations, yet together 
they considerably modify the structure and configuration of the 
district. The resultant effect of these faults will be best appre- 
hended by reference to Fig. 2, which is a section across the faulted 



Fig. 2. 

Diagrammatic Section from Goadby Marwoodto Saltby, showing 
Faults, fyc. 



Goadby. 



Kail way. 
/ 



Horizontal Scale, rather less than one inch to a mile- 
Road. 



/ 



Saltby. 




" a. Middle Lias Clay. 

b. Marlgtone. 

c. Upper Lias Clay; 

d. Northampton Sands. 

e. Lincolnshire Limestone. 



/ Boulder Clay. 
g. Goadby Fault. 
h. Waltharn Faults. 
i. Croxton Fault. 
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area from Goadby Mar wood to Saltby. • From this it will be seen 
that the area round Waltham and Croxton Park may 1 be regarded 
as a block of flexured strata let down from their normal level 
between the two faults g. and h. 

Reference to the Map will show that the existence of the fault i. 
is entirely hypothetical, since its course is almost completely 
hidden by a mantle of Boulder Clay ; parts of the other faults' are 
also concealed in the same manner, so that it was an exceedingly 
difficult task to form anything like a true conception of the struc- 
ture of this district, and future exploration may necessitate some 
modifications in the mapping. 

The course of the Goadby fault g. can be easily traced from 
where it is first seen near Wykeham through Goadby to the farm 
called White Lodge; there it meets another line of fracture 
running N.W. through Eastwell. It was not, however, so easy 
to decide whether the clay on the eastern side of these faults was 
Upper Lias or Middle Lias— whether in fact the fault was a down- 
throw or an upthrow on that side. The hill to the S.E. of Goadby 
is capped by a small outlier of red ferruginous rock, which just 
peeps out from beneath the edge of the Boulder Clay, and the 
problem, therefore, resolved itself into the identification of this 
rock, which was either Marlstone or Northampton Sandstone. 
■ Unfortunately, the basement beds of these two ironstone rocks 
are so exceedingly like one another that it is almost impossible to 
distinguish them by ,a comparison of hand specimens. The rock 
in question only contained obscure casts of fossils, but after a 
careful consideration of all the available evidence I came to the 
conclusion that it was an outlier of Northampton Sandstone, 
making the clay below Upper Lias and the fault a downthrow to 
the east. From the evidence of a well-boring close to the line of 
fault at Goadby the amount of throw is not less than 54 feet. 

Viewed by themselves the Goadby and Eastwell faults may be 
regarded as biting a piece out of the Upper Lias, and bringing 
up a broad plateau of Marlstone with a south-easterly dip. 

In the railway-cutting east of Scalford two small faults were 
observed, one faulting Marlstone rock against clays (taken lo be 
Middle Lias), the other faulting these clays against Upper Lias 
shales (see Fig. 6, p. 43). These appearances are explicable on the 
supposition of a cross fault striking E.S.E. and splitting into two 
branches at its western end, each with an upthrow to the inner 
side, so as to include a wedge-shaped piece of Middle Lias. The 
fault having a general downthrow on the south side, a small outlier 
of Upper Lias is thus brought in with a dip to the north. 

The minor faults breaking the anticlinal axis near Waltham 
will be described in connexion with that flexure ; the small fault 
through Croxton Park and those near Stonesby and Sproxton do 
not call for more than a passing mention. 

The transverse fault between Saltby and Sproxton breaks the 
main escarpment with an upthrow to the south, shifting the 
boundary of the Lincolnshire Limestone about three furlongs 
eastward ; .its westward extension is concealed by Boulder Clay, 
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and consequently the lines drawn on the Map near Stonesby 
Lodge are quite hypothetical, as are those on either side of the 
strike fault which runs northward to Croxton. This fault (i. in 
Fig. 2.) has been inserted only because the general easterly dip of 
the plateau round Bescoby would, if continued, carry the limestone 
far beneath its natural base along the escarpment from Croxton to 
Saltby. 

Two other groups of faults in the southern part of the sheet 
remain to be mentioned. A strike fault, commencing near Gunby 
and running N.W. through Stainsby, brings up the Northampton 
Sands against the Lincolnshire Limestone. This fault is trace- 
able across the the valley of the Cringle brook, and is probably 
cut off by the Skellington cross-fault, which has diverging branches 
opening eastward and each with a downthrow on the inner side, 
so that a wedge-shaped block, including an outlier of Cornbrash, 
is let in between them. 

Another strike fault commences near Corby Lodge, truncates a 
small outlier of Great Oolite near Burton Coggles, and strikes 
N.N.W., cutting off the western end of the broad synclinal axis 
which underlies Bassingthorpe and Bitchfield. In the centre of 
this axis, west of Bassingthorpe, Oxford Clay is faulted against 
Lincolnshire Limestone, so that the throw of the fault here cannot 
be less than 100 feet. Near Lower Bassingthorpe the Cornbrash 
is cut out by a cross-fault, which brings the Oxford and Great 
■Oolite Clays into opposition. 

Between Ropsley and Little Humby, a strip of ground, in- 
cluding the beds between the Upper Estuarine and Cornbrash, are 
let down between two faults which are nearly parallel to one 
another. 

The outcrops of the Cornbrash and of the Great Oolite Clays 
are dislocated by several strike -faults near Kirkby Green and 
Digby, at the northern edge of the map. 

It is worthy of remark that the faults above mentioned do not 
produce any marked feature at the surface except where they 
bring hard rocks into opposition with soft clays or sands. Where 
the Cotham and Syston fault crossed the Lias plains, for instance, 
no sign of it can be detected from an examination of the surface ; 
it only becomes visible where it shifts the outcrop of the harder 
■beds, like as the ironstone between Foston and Alington. 

It will' also be noticed that there is no connection between the 
direction of the faults and that of the valleys by which the county 
is drained. On the contrary there are several cases where the 
lines of fault cut transversely across the valleys. The only instance 
of fault and valley coinciding in direction is in Croxton Park, but 
there is no reason to suppose that this little fault determined the 
•existence of the valley there. 

Flexures. — The strata in Sheet 70 are not affected by any very 
sharp folds or curves, but the mapping discloses the existence of 
several important undulations. Most of these were probably 
produced at the same time as the faults, for they have a general 
teast and west direction. The extent of these curves can be most 
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16 GEOLOGY OF S.W. LINCOLNSHIRE. 

easily estimated by observing their effect upon the outcrops of 
the Great Oolite strata in the valley of the stream which flows 
hy Edenham. At the south edge of the map the bottom of this 
valley is formed by the Upper Estuarine Series, but a northerly 
dip quickly brings in the Great Oolite Limestone and Clays at 
Edenham ; northward for a distance of more than two miles the 
valley bottom is occupied by the Great Oolite Clays, but near 
Bulby the underlying Great Oolite and Upper Estuarine Series 
again rise to the surface and finally the top of the Lincolnshire 
Limestone is bared over a small space forming the inlier near 
Irnham. This is the top of an anticlinal (see Fig. 3) which 
appears to strike W.S.W. and E.N.E., and thence the beds fall 
again into a second synclinal, the centre of which is a little south 
of Lenton. From this the beds- are brought up by a local 
southerly dip which is greater than the inclination of the water- 
course, so that the outcrops of the Great Oolite, Upper" Estuarine 
Beds and' Lincolnshire- Oolite are again found to succeed one 
another along the bottom of the valley between Lenton and 
Great Huhiby. The axis of this synclinal appears to be very 
nearly due east and west, and the great deflection of the outcrops 
in the south-western corner of the map, and the great westerly 
extension of the Lincolnshire Limestone towards Waltham and 
Croxton Kerrial, may be as much the effect of the synclinal axis 
just described as of the faults which cross it near those places. 

The eastward extension of these flexures is- shown by the 
outcrops of the Cornbrash. Between Dyke andlBourn Fen the 
Cornbrash appears to be influenced by an extension of the 
Scottlethorpe anticlinal, while northward by Morton and 
Haconby it sinks beneath a covering of Oxford Clay. Again 
from Dunsby to Millthorpe the Cornbrash is everywhere found 
beneath the Fen Gravel, brought up doubtless by the extension 
of the Irnham anticlinal, while northward by Pointon and 
Billingborpugh there is Oxford Clay at the same level, this 
depression corresponding with the Lenton synclinal. 

Minor folds, more or less parallel to these, are visible in some of 
the quarries and sections in this part of the country. A quarry 
S.E. of Corby for instance is opened in a synclinal "with an east 
and west axis. Again the outcrops of the Great Oolite and 
Upper Estuarine Series in Grimsthorpe Park have been deter- 
mined by an anticlinal, the axis of which is probably, parallel to 
the two small faults which occur to the north of it. Dips to the 
N.N.E. and S.S.W. were observed in the Lincolnshire Limestone 
where the stream passes beneath the railway south-west of 
Scottlethorpe. Other parallel rolls occur to the south of this, in 
Sheet 64. 

One flexure having a north and south axis has been observed 
near Waltham-on-the-Wold, and will be mentioned in connexion 
with the faults by which it is broken. Others are exposed in the 
railway-cuttings near Ancaster (see Fig, 8, p. 51). There is 
some reason to think that these latter were produced at a later 
date than the other disturbances (see p. 9'A). 



n 



CHAPTER III. 
Trias aijd' Eh^tic. 

1. — The Ketjper Mabls. 

The lowest series of beds exposed in Sheet 70 consists chiefly, as 
the name implies, of marls* usually of a deep red colour, but bleached 
here and there by organic matter to a pale, greenish grey, owing 
to the change of peroxideof iron to protoxide or to carbonate. The 
decomposition of tree-roots produces' this change in masses of 
fantastic form, sometimes resembling a ham, sometimes a bolster, 
of grey in the midst of the red, with a sharp line of demarcation. 
The uppermost 18 or 19 feet of the marls are continuously 
bleached by the acidulated waters exuding from the outcrop of 
the Rhaetic shales ; but the boring at Grantham, which reaches 
the Keuper at a depth of 840 feet, shows no such bleaching. 

The marls are inter-bedded With many bands of bluish-grey 
slightly calcareous sandstone, varying in thickness from a fraction 
of an inch to several yards. Beds of gypsum of various regularity, 
thickness, and purity, occur throughout the series, but are only 
• worked within 100" feet (measured vertically) from the top of the 
marls. 

The thickness of the Keuper marls is about 614 feet, as proved 
in a boring at Collingham, 6 miles N.N.E. of Newark. Of . this 
thickness the uppermost 80 feet may be seen in the Newark 
gypsum pits, and probably only, about 250 feet thickness of beds 
intervenes between the lowest horizon there reached and the , 
surface at " Messrs. Richardson and Company's Brewery at 
Newark, where a well penetrates 410 feet of marls and sandstones 
of the Upper Keuper Series and 175 feet of the Lower Keuper 
'Sandstones! The latter series crops out at Southwell in Quarter 
Sheet 71 N.E. half a mile up the Greet from the edge of our 
present district. For detailed sections of the beds penetrated at 
Newark see Appendix I., Nos. 35, 36, and the'Owthorpe boring, 
No. 39. 

The lowest beds outcropping in the district are those forming Morton 
Field, consisting as usual of marls with thin bands of sandstone. Stone 
has been dug for road-metal about Hockerton (71 N.B.). Upton Lodge 
stands on a marked brow apparently due to the same rook-bed as that 
which caps the cliff of the Trent from Elintham Wood to Stoke Hall. 
Mickleborough Hill is formed by a higher" and probably thicker rock, the 
brickyard west of the hill being in the intervening marls. Both escarp- 
ments seem to be broken by a fault trending from Averham through 
Grorsey Hall r accompanied by a marked change in the strike of the beds. 
At Upton the dip is. E.N.E. and at Mickleborough HilliN.E., but imme- 
diately beyond it appears to be S.E. On the southern side of the Trent 
the Elintham Wood jock occupies most of the surface from the wood to 
the high" road. It appears to be faulted down at the west end of the 
wood 'along a line running below Elintham to Sibthorpe. 

Gypsum is-raised at Elton, Shelton, Hawtonj and Newark ; the gypsum 
beds vary rapidly, and the following sections will suffice to show the 
general character of this part of the series. 

At Hardy's Pit in Bow Bridge Lane, two miles south of Newark, the 
following series was measured by Mr. W. H. Holloway : 
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Clay .... 

Clay -with " cocks "* of gypsum 

" Cock roots " from 6 inches to 

Clay arid marl 

Lumps of gypsum and clay 

Gypsum and grey rock, 4 inches to 

Strong marl - - - - 

Lumps of gypsum and marl, irregular and thinning to a 

band of fibrous gypsum about 1 foot thick 
Marl rock - 

Gypsum (second white) - 

Marl rock ----..- 
Gypsum --..-.- 
Marl rock - - - 

White gypsum (best quality) from 3 inches to - 
Marl rock - - - - - 

Blue rock ---...- 



ft, 

13 
4 
1 
7 
3 
2 
6 



ins. 

6 
6 

6 
6 


6 
6 








57 6 



At Robinson's Pits in Bowbridge Lane, 
following beds : — 

Marl and gypsum (small nodules) - 
' Gypsum rock ... 

Strong marl - - - 

Fibrous gypsum - 
Strong marl .... 
Gypsum, fibrous and nodular 
Marl rock - - - - 

Grey rock (gypsum) 
Marl rock .... 
Ihin gypsum, fibrous in places 
Marl rock .... 
Grey rock (gypsum) - 
Marl rock - 
"White rock (gypsum) 



Mr. 



Holloway observed the- 
ft. 

- 3 

- 3 



ins. 



6 
10 
6 
9 
6 
6 
6 

9 
10 
6 

25 10 



Section of the gypsum pits of the Vale of Belvoir and Newark Plaster- 
Company, Beacon Hill, Newark. Measured by W. H. Dalton : — 











ft. ins. 




'Brown clay soil - 


. 


- 


- 3 




Septarian band - 


. 


- 





Emtio < 


Black shales 


- 


- 


- 2 




Light coloured band 


. 


- 







__Black shales 


■ 


. 


- 17 




'Grey marls 


- 


- 


- 18 6 




Bed „ 


- 


. 


- 4 6 




Blue „ 


. 


. 


- 11 




Gypsum (cocks) - 
Bed. marl 


- 


- 


- 7 




■ 


- 


- 11 6 




Grey rock 


. 


. 


- 3 




Bastard (veined marl) 


- 


- 


- 4 


Keoteb < 


Marl with red cakes 


. 


. 


- 7 ,0 


, 


White rock (gypsum) 


- 


- 


- 1 2 




Bed marl 


. 


. 


- 3 




White rock (gypsum) 


- 


. * 


- 1 2 




Marl - - 


■ 


. 


- 3 6 




Blue rock (gypsum) 


- 


- 


- 1 2 




Marl 


- 


. 


- 3 6 




_ White rock (gypsum) ( 


Dften 


under water) 


- 1 2 




103 2 









* The workmen's name for lenticular lumps of gypsum, eee chap. xiii. 
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Section at Messrs. CafFerata's Pits, Newark, measured by W. H. 
Holloway, in the Lower Pit, near road : 

Soil, &o. 

Hard red clay with greyish bands at the top, and contain- 
ing at the bottom three irregular and impersistent bands 
of gypsum about one foot apart - - - - 

Gypsum in lenticular masse?, saccharine in the thicker 
parts, fibrous in the thinner, from 3 to - 

Hard red clay 

Harder saccharine gypsum, grey and greenish 

Hard red clay, with occasional nodules of gypsum 

Hard saccharine gypsum, grey and greenish, from 9 in. to 

Hard red marl, sometimes mottled with grey, and having 
occasional bands and strings of gypsum - 

Gypsum band, reddish grey, and very irregular, 6 inches 
to 

Hard red clay ...... 

Irregular band of greenish gypsum (fibrous in places) 

Hard red clay ...... 

Band of saccharine gypsum .... 



ft. ins. 


2 





12 





1 





2 


6 





7 


3 


8 


1 


6 


5 


4 


1 





1 





1 





1 





1 


4 



34 



The beds show a dip of If to N. 20° E. 

In the hard grey beds of siliceous sandstone pseudomorphs of salt 
crystals are frequent. Scales of Cfyrolepis sometimes occur here. 

2. Rh.#:tic, or Pbnaeth Beds. 

This series is separated from the Keuper Marls by a marked 
unconformity. It consists of two distinct divisions, the Avicula- 
contorta Shales and the White Lias. The Avicula-contorta Beds 
lie with a clear line of erosion on the Keuper Marls (originally 
red but bleached to " tea-green " at the outcrop by acidulated 
waters from the decomposing pyrites in the Rhsetic Shales). The 
Avicula contorta- Beds consist of finely laminated black shales, 
with a few thin bands of sandstone, and a "bone-bed " at or near 
the base. These are conformably followed by the White Lias 
series — thick-bedded, light-coloured mark, with yellowish, fine- 
grained limestones in irregular nodular bands. 

The entire series being less than 40 feet thick, we shall not 
separate the description of the upper and lower divisions. 

The sections of the several railway cuttings showing Rhaetic 
Beds are now much obscured, but Mr. E. Wilson took full notes of 
them whilst fresh, which he has courteously placed at our 
disposal. 

Messrs. Holloway and Woodward, acting according to pre- 
cedent, have mapped the light-coloured tea green marls with the 
true Rhsetic Beds above, and this must be remembered when 
looking to the thickness of the outcrop on the map 
• The dip of the Rhaetic Beds is found, by calculation from the 
well-sections and other data, to be 85 feet per mile to E. 6° 35' S. 

The section exposed b£ the railway-cutting at Barnston is now obscure, 
but has been described by Mr. B. Wilson as follows :— * 



-* Quart. Journ. Geol. Soc, vol. xxxiii. Proceedings, pp. 1, 2 (1877;. Ibid., 
vol. xxxviii., pp.. 453, 454 (1882). 
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ft. in. 
f Thin-bedded blue limestones and brown clays, at the ' 
Lias. ■> base a compact or concretionary bed of limestone 

L .from 3. to 7 inches thick - - - - 10 

"Layer of limestone nodules - - - '-'0 6 



White 
Lias. 



Thick-bedded, earthy, dark-blue Bhales, with frequent ' 
' nodules of limestone - - - - - 3 

Similar shales with occasional nodules near the 
L centre - - - - - about . 15- 

f"_ Paper shales" (Avicula eontorta zone), with thin, 
Avicula | variable, yellow sandstones in the upper part - 13 4 

contokta <( Bone bed, with' the usual fish ' remains (see Ap^ 
Beds. | pendix) - - . . - 2 

(JPaper shales, sharply divided from - - - 1 6 

■g- J Hard, light blue maris (Lower Rhaetic of Etheridge) - 12 

' \ Bed Keuper Marls, with thin gypsum bands. 

The Bev. P. B. Brodie * states that the bone bed here is " a soft, brown, 
crumblyy earthy material, -a part- of which is somewhat, harder, full of 
fragmentary -teeth and scales, &o. ; but these, when entire, are, in far 
better. 1 condition than usual, and much, less highly mineralized, and 
entirely free from pyrites, -in fact- there is no consolidated bone-bed at 
all." 

Mr. Wilson states (1882) that at a few feet deep it is intensely hard and 
pyritio, though quite soft and friable at the outcrop. 

The black paper-shales, and overlying grey marls, are seen again in the 
cutting west of Elton Station. Here Mr. W- J- Harrison found a bone-bed 
resting, as at Leicester, on the Jight grey Keuper Marls, and overlaid by 
black paper shales with the usual fossils. 

Osrton Spa is a chalybeate spring, due, probably, .to a pyritous bed in 
the shales. (See Appendix, p. 158.) ■ ' 

In the KilvingtoD, cutting, Mr. Wilson notes the following series, dipping 
southward at 1%°, 

ft. in. 
Soil, and thin bedded Lias limestones and shales - - 3 

("Shales, weathered yellow - - - 11 

Nodular band - - - - 3 

WH^L:A,<||SXnt redye - ll0W : : : I I 

I Shales, weathered yellow - - 4 

L .. ,, blue - - - 9 

Black paper shales. 

A large nodule from the upper part of the White Lias was crowded with 
Esfhwia mvnuta, var Brodiana. 

Traces of the Rhgetic shales were noticed, occupying a space of a foot or 
two in width, between the cheeks of the fault on the railway north of 
Staunton Grange. 

A complete section of the Rhaatics was noted by Mr. Wilson in the 
cutting at Ootham : — 

ft. 
Thick-bedded, unfossiliferous shales, with light grey, blue-centred 

nodules, and. incomplete bands of a dense, fine-grained limestone, 

with a band of the characteristic nodules, 10 feet up - - 18 

Avicula eontorta shales, with some very thin seams of soft yellow 

sandstone. No bone-bed, and no fossils except a few casts of Amm/as 

elongatus - - - - - - -15 

Discoloured Keuper Marls. 

The Keuper here forms an. anticlinal valley between the two cuttings, 
in the southern of which only, the White Lias is seen under the true Lias. 
The dips are 2° northward, and 3° southward respectively. 

No other exposure of ihis series occurs till we reach Newark. 

In the gypsum pits belonging to the Newark and Vale ( of , Belvoijr, 
Company, on Beacon Hill, Newark, the following sections were noted by 

* Proc. Warwioksh. Nat. Arch. Field Club, 1876, p. 7. 
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Mr. Holloway, but no longer exist (1883) separately from the large 
gypsum pit. 

1. Upper section, near dilapidated cottage. On the upper side of this 
hole by the fence fragments of the " sun-bed " (White Lias), and of the 
Osbrea beds occur in the soil which is almost entirely made up of grey 
marl. [The subsequent cutting back of the section has shown 3 feet of 
grey shales, with the base of the White Lias just visible above them.] 

ft. in. 
Soil and grey marl, containing towards the base sandy micaceous 

bands, showing ripple mark distinctly - - , - -57 

Dark grey sandy micaceous marls weathering into ferruginous 

yellow and red (passing down into next) - - - 2 6 

Darker and much more shaly marls, weathering very ferruginous, 

but fracture of unweathered portion black variegated with grey. 

At base a thin band of micaceous sand - - - -14 

Black shales, sometimes sandy, with very thin white sandy band, 

at base only a line thick - - - - - -05 

Black shales weathering rusty with impressions of bivajves - 3 

Black shales as above, ibut without fossils - - - - 1 1 

Black shales with Avicula contorta - - - - 6 

Black shales, seen for - - - - - -20 



13 .8 



2. Second section intermediate between the Bed Marl workings and the 
section above described. 

Soil --- - .... 

Brown and grey shales ...... 

Black paper shales, with Avicula contorta .... 
Slate coloured grey and brown shales with a thin sandy line at 

the base - - 

Sandy micaceous slate coloured shale, weathering whitish 
Black sandy shales, weathering rusty - - , - 

Thin band of pinkish-white sandstone from J in. to 
Slate-coloured shale, weathering whitish - - - - 

White,- yellowish, and pink' Sandstone, very micaceous 
Black and slate-coloured micaceous shales - - - . 

*Brownish, grey and black shales, with thin sandy lines - 
White sandstone with shells ..... 

Black shales, weathering rusty, fossilferous in bands 
Band of Bandstone with shells ..... 

Black shales, becoming harder towards the bottom 
Thin band of sandstone - ... 

Black shales - .... 

Grey marl at bottom ...... 



ft. 


in. 


2 


3 





9 


1 


6 


10 





2 





9 





1 





24 





1* 





7 


2 


2 





1 


2 


1 





1 


5 


6 





1 


1 


3 



18 6 



A Lias Quarry on the Ooddington road was deepened by Messrs. 
Holloway and Woodward, and at the base of the Lower Lias series there 
was exposed a hard compact homogeneous limestone, in texture not unlike 
the " Sun-bed " of the West of England. This bed was much waterworn, 
owing to the action of the water sustained by the clayey beds beneath it. 

worn into fantastic shapes, well justifying the quarrymen's 

term of ' Flints.'t 

* In this band of shales at l£ feet from the top, and a little to the left of the 
point where the section was measured, there occurred a mass of greenish grey and 
rather soft sandstone, with casts of bivalves in layers ; and the joints contained 
crystals of probably calc-spar coloured nearly black with ferruginous matter. 
tf H. B. Woodward, Geol. Mag., dec ii., vol. i., p. 480 (1674). 
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CHAPTER IV. 
The Lower Lias. 

The general characters of the Lias have been mentioned at 
p. 3, and it was there stated that each primary division of the 
series admits of a further subdivision into zones characterised by- 
special groups of fossils. In his memoir on the Geology of 
Rutland Professor Judd has drawn up a table showing the succes- 
sion of these zones, and the particular strata by which they are 
represented in the area of sheets 64 and 70. Most of these zones 
could be traced across the Liassic district of Sheet 70, but it 
would be beyond the scope of this Memoir to follow them in 
detail. 

It will be more convenient for our present purpose to take the 
four sections into which the Lower Lias is naturally divided 
(see p. 10), and to indicate the more important exposures which 
have been observed along the ground which each of them occupies 
in its extent across the area of Sheet 70. The following descrip- 
tions will therefore be arranged under these four heads, viz. : 

D. The Clays above the Ironstone. 

C. The Ironstone Beds. 

B. The Clays below the Ironstone. 

A. The Strensham or Limestone Series. 

A. Strensham or Limestone Series. — The lowest beds of the 
Lias, overlying the Rhsetic Shales, consist of finely laminated 
shales interbedded with layers of fine-grained argillaceous lime- 
stone. These are the " Fish and Insect Beds " of the Bev. P. 
B. Brodie ; they are called the " Strensham Series " by Prof. Judd 
from the locality where a section of them was first described. 
Being well adapted for the manufacture of hydraulic cement, 
they have been extensively worked at many places along the line 
of outcrop ; among these may be mentioned Barnston, Granby, 
Elton, Cotham, and Coddington in Sheet 70. 

The limestones are naturally of a blue-grey colour, but weather 
nearly white when they lie near the surface, they often split into 
thin laminae and abound in organic remains, such as Saurians, 
Fish, Crustacea, Plants, and sometimes Insects. They have 
clearly been formed in very shallow water, in close neighbourhood 
to the land, and probably within or near to the estuary of some 
large river. 

The limestones just described are succeeded by others of a 
rather coarser grain, sometimes of a shelly structure, and, like the 
former, alternating with grey shales. These beds are characterised 
by t he abundance of Ammonites planorbis, which occurs on the 
slabs in a flattened and crushed condition. A. small dwarfed ' 
oyster, known as Ostrea irregularis, is also common and remains 
of Saurians are sometimes found. These beds of limestone 
appear to become more numerous as they are traced in a northerly 
direction. 
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•The thickness of the whole limestone series of the Am. planorbis 
zone does not appear to be more than 20 feet near Barnston, but 
it may be about 40 feet at Gotham and Coddington. 

B. Zones of Ammonites angulatus and A. Bucklandi. — The 
beds overlying those just described consist of dark blue clays, 
with occasional bands of septarian nodules and thin limestones ; 
some of these contain fossils, but the Ammonites and other fossils 
found in the clay are often mineralised by pyrites. 

The zone of Ammonites Bucklandi consists of blue clays with 
layers of calcareous nodules or small septaria and occasional 
thicker beds of limestone. No good exposure of them was 
observed during , the survey of the district, but it was noticed that 
the clay about this horizon abounded in specimens of Gryphcea 
incurva. 

0. The Ironstone Series or Zone of Ammonites semicostatus is 
marked by the occurrence of two layers of hard ferruginous lime- 
stone or calcareous ironstone, the outcrop of which forms a 
distinct feature in the Vale of Belvoir and the country to the 
northward. These hard rocky beds have preserved the under- 
lying clays from denudation, so that the latter form a slope capped 
by the limestone, and this minor escarpment is continued north- 
ward through Lincolnshire along a line fairly parallel to the great 
escarpments of the Marlstone and Lower Oolites. 

These Ironstone beds are brought by a fault from west of 
Langar into the vicinity of Harby, where they are very thin. 
They thicken gradually northward, but do not appear to reach a 
greater thickness than 5 feet anywhere in Sheet 70. They 
become of great importance in the neighbourhood of Frodingham 
in Sheet 86, where they attain their fullest development with a 
maximum thickness of 27 feet, and include beds of ironstone 
which are now largely worked for the ore. 

These beds of ferruginous limestone are full of fossils, among 
which the characteristic Ammonites semicostatus is frequent and 
Cardinia Listeri is still more abundant. Lists of the fossils found 
at this horizon will be found in the Appendix. 

D. Clays above the Ironstone Series. — These include five 
zones : — 

D g . Light blue clays with septaria. A. capricornus. 

D 4 . Dark blue laminated and micaceous clays. A. ibex (?). 

D 3 . Dark clays with bands of grey septaria. A. Jamesoni. 

D 2 . Light blue and brown sandy clays and thin limestones. 

A. armatus. 
Di. Dark-blue clays with bands of stone. A. oxynotus. 



A. The Stbensham or Limestone- Series (Zone of Ammonites planorbis). 
— A few feet of this zone overlie the Ehsstio Marls in Barnston cutting 
Mr. Wilson has here found — 

Ammonites planorbis. Shy. 

Pleuromya costata. T. and B. 

Ostrea liassica. StricM. 

Modiola minima. Sby. 
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, ., The following are Mr. ,Wilspiii's measurements of the Lias section in the 
cutting S.!E. of Barnston Station, the points being referred to the centre 
of the bridge at the station (24,750 of the railway plans, the enumeration 
commencing at the junction ' between four and five miles to the N.W.). 
Lias comes on at 435' from bridge. 





At 550. 


At 600. 


At 650. 


At 870. 


' 




ft. in. 


ft. in. 


ft. in. 


ft. in. 


Soil and shale 


2-0 


7-0 


2-0 


2-0 


Limestone 


■2 


•4 


•4 


■9 


Shale - 


1-6 


1-3 ' 


1-0 


1-3 


Limestone 


•H 


•7 


■H 


•3 


Shale - 




15-0 


1-0 


•10 


Limestone and shale 


— 


— 


•11 


•6 


Limestone 


— 


— 


•4 


— 


Shale 


— 


— 


— 


•9 


Concretionary Limestone 


— 


— 


— 


•3 






At 1,000. 


At 1,260. 


At 1,300. 


At 1,450. 




ft. in. 


ft. in. 


ft. in. 


ft. in. 


Soil 


2'0 


2-0 


2-0 


2-0 


Limestone , - 


•8 


•7 


•9 


•3 


Shale - 


1-6 


1-2 


1-2 


2-3 


Limestone 


•3 


•2 


■2 


•8 


Shale - - 


1-1 


1-0 


1-0 


— 


Limestone 


•2 


•4 


•7 


— 


Shale 


•3 


2-5 


2-5 


— 


Limestone 


■*i 


■4 


•4 


— 



As these details are given in tabular form merely for typographical 
convenience, it is not intended to assert identity of horizon by the lineS of 
print. 

An excellent section was disclosed at the Barnston Limeworks, 2 furlongs 
south of the church, and was thus noted, the highest beds being only 
visible at the south-east end of the quarry : — 

Brownish soil - 
10. Laminated limestone - 

Brown clay with f ' race " 
9. Nodular limestone 

Yellowish grey clay, with "race " 
8. Nodular limestone .... 

Dark grey laminated shale 
7. Maggy limestone (Plesiosmmis) 

Soft shale ..... 

6. Laminated lim.est.one .... 

Soft grey shale - - - - - 

5. Laminated limestone .... 

Soft shale ..... 

4. Hard limestone .... 

Soft shale 

3. Coarse limestone - - - - 

Soft greyish shale - - - Y • - 

2. Limestone in three layers, with shale partings 

Dark slate-coloured shale 
1. Bottom-floor limestone 
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The dip of the beds is S.E. by E., at an angle of about 3°. The foreman 
stated that a fine Plesiosaurus was found in the seventh bed of limestone. 
Where the npper limestones come near the surface they have been decom- 
posed by carbonated waters and converted into soft brown pulverulent 
stone, with hollows of solution into which the clay above has sunk. At 
the east end of the pit the flaggy limestone, No. 7, is overlaid by more 
than 7 feet of grey and brown shaly clay containing the broken remains 
of the upper limestones and large quantities of the calcareous concretions 
called "race," which have evidently been formed by the re-deposition of 
the carbonate of lime derived from the solution of these limestones. 

The upper part of this series is again visible in a pit a quarter of 
a mile south-east of Granby church ; as follows: — 

fit. inn. 

Surface soil ------ 

Flaggy limestone ----- 

Grey clay with race - - - 

White nodular limestone resembling a continuous 
layer of ordinary septaria 

Grey calcareous clay ... 

Whitish nodular limestone, as above 

Brown and ash-coloured shaly clay 

Grey limestone ..... 

Dark brown shale - - - - - 

Dark grey limestone - - - - 

Bluish grey shale, concealed by talus. 

This pit is now abandoned, and the lower part of the section is obscured 
by talus and by standing water. 

Similar shales and limestones are visible in the old disused quarries, 
marked "Tdlns" on the map, half a mile E.N.E. of the church. The 
layers of limestone are on an average about 6 inches thick and from 6 to 
12 inches apart ; they yielded Ammonites planorbis, {)a/rMnia sp., Ga/rdmm 
sp., and ? Dmtal/vwm. 

About 4 feet of the beds were seen eastward of Elton ; the Rhsetic shales 
are overlaid -by a concretionary bed of fine yellowish limestone, 3 inches 
thick, followed by shales containing thin bands of limestone, one of which, 
about 8 inches above the yellow bed, is compact, shelly rag, blue hearted, 
but weathering brown, the higher seams being smooth-bedded, unlami- 
nated,' rather coarse in texture, and mostly light brown in colour. . About 
4 feet of these beds, above the paper shales, is all the thickness seen in 
the entire length of the cutting which descends eastward with the dip of 
the beds. 

The same succession of shales and limestones is to be found in the 
cutting between Alverton and Kilvington on the Bottesford and Newark 
railways. By Kilvington and Staunton these beds can be traced by means 
of the fragments which are strewed over the fields, till they are cut off by 
a fault running in a south-easterly direction. 

In the cutting near Staunton Grange on the Bottesford and Newark 
railway an interesting section was exposed showing these basement beds of 
the Lias faulted against the Triassic marls, and dipping steeply to the 
north: 

Mr. Wilson furnishes us with the following details : — 

Marls with occasional bands of nodules - 

Earthy limestone - - - - 

Marls . - - - 

Limestone - - - 

Marls - 

Sandy seam . - - - 

Limestone - 

Marl - - - - - 

Carried on - 15 8 
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ft. ins. 

Brought forward - 15 8 

Crystalline limestone - - - 5 

Sandy seam - - - - - 3 

Marls - - - 10 

Limestone - - 10 

Marls - - - - 13 

Calcareous sandstone - - - - 2 

Marls ... - - 5 
Limestone - - - .-05 

Marl - - - - - 9 

Limestone, earthy 2", compact blue 4" - - 6 

Shale - 10 

Nodular limestone - - 4 

Shale - - - - 3 

Limestone, earthy 2'', compact blue, 7" - - 9 
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The dip is northward, about 10°, and the upper beds of the above section 
do not extend to the fault within the cutting. About 240 yards north of 
the fault the northerly dip is exchanged for a southerly one of 2° to 3°, 
which appears to be persistent to beyond Cotham station. 

Another fault runs easterly from. Staunton Grange to Long Bennington, 
and on its south side a tract of the Limestone Series is brought in, forming 
a bold ridge between Outhorpe and Long Bennington. The beds here 
dip at first to the S.W., but turn round and appear to dip east at 
Bennington. 

Between Moor Drain and East Cotham Hill many small quarries have 
been opened on both sides of Moor Lane, and as much of the stone as 
could be extracted, without trouble from water, having been raised, they 
have been ploughed over or left as ponds. 

In such as are still open the beds may be seen lying in a slight 
synclinal, which trends to a little east of north. The lower beds on 
either side (S. of Bast Cotham Hill and a quarter of a mile west of Moor 
Drain where it crosses the lade) are blue-grey fine close-grained lime- 
stones, separated by bands of shale. Over these in the centre of the 
synclinal is a series of shelly ragstones, less purely calcareous. Both form 
part of the Ammonites plcmorbis zone, and in 1880 both were well exposed 
in a pit half a mile S.E. of East Cotham Hill. The section here is given 
below ; it exhibits no less than eight different beds of limestone and to 
seven of these the workmen have given special names. The three lower- 
most make the best lime, those above" being of inferior quality. The beds 
have a local dip of about 2° to the south. 

Disturbed earth 

Stiff clay with race - 
8. Whitish nodular limestone (" Oa/rmoles") 
light-grey clay 

Stiff brownish clay - 
7. Layers of blue shelly stone (" The Brush"), fossils 

Grey shaly clay .... 

6. Hard blue limestone forming a floor and 
Firestone" - 

Black shale ..... 
5. Hard grey stone " The Gatts" 

Grey shale ..... 
4. Light-grey stone " The Flags " 

Dark grey or black shale 
3. Light bluish limestone 

Dark shale . - . . . 

2. Hard blue limestone "Wall-stone" - 

Dark shale ..... 
1. Hard blue limestone " Eel-sTcin " 

Black shale ----- 







ft. in. 


■ 


. 


2 


. 


- 


1 10 


embedded 


in 




• 


- 


1 


- 


. 


1 6 


bssils - 


. 


7 


. 


. 


4 


called " 


The 




- 


- 


6 


- 


- 


3 


- 


- 


3 


- 


. 


3 


- 


• . 


5 


- 


. 


8 


- 


. 


2 


- 


- 


7 


- 


- 


4 


- 


■ 


3 


- 


- 


4 


- 


- 


1 6 






12~9 



LOWER LIAS. 



27 



The workmen state that below this black shale there is a white clay. 

In the seventh limestone, called " the Brush," Saurian remains are 
abundant together with a small species of oyster (0. irregularis) which is 
everywhere frequent in the upper part of the series. The bones obtained 
from the workmen at this pit included a portion of the jaw of 
Ichthyosaurus tenuirostris, together with vertebrae, an ulna, and a humerus 
with radius, probably belonging to the same species of Ichthyosaurus. 

The cutting at Ootham station shows a few feet of the lower part of the 
Lias over the Rhsetic Marls. Some fair specimens of Ammonites 
plomorUs and other fossils have been found in the limestones. The beds 
here dip_ slightly to the south, but roll over in the hollow northward of 
the station, and in the next cutting dip to the north at angles varying 
from 2° to 16°. Mr. Wilson furnishes us with the following details : — 



Limestone, fossiliferous (A. planorbis) 

Shale, thinly laminated bluish 

Limestone, compact* light blue 

Shale, blue, earthy - 

Limestone, compact, blue 

Shales - 

Limestone, compact, blue 

Shale, varying from 8" to 

Limestone, earthy, light-coloured 

Shale --.. 

Limestone, earthy 

Shale, with Ammonites, &o. - 

Limestone, light-coloured, compact 

Shale, soft 

Limestone, argillaceous 

Shale, soft 

Limestone, fossiliferous 

Limestone, earthy, unfossiliferous 

Shale, laminated, fossiliferous 

Limestone, earthy 

Limestone, crystallised, fossiliferous 

Shale, laminated, blue 

Limestone, laminated 

Limestone, hard, compact 

Shales, with thin limestone beds 

Upper Rhsetic shales - 
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North of Gotham these beds form a bold ridge which stretches thence 
by Balderton Grange to Balderton Mill.* The ground then falls, and the 
outcrop is concealed by gravel, but it shortly rises again, forming Beacon 
Hill between Newark and Coddington. Many quarries have been opened 
S.W. of Coddington, but only one was at work at the time of the survey 
of that district. This is situated about 3 furlongs W.S.W. of Coddington 
church. It is only a Bhallow excavation, but rather richly fossiliferous. 
A large part, if not the whole; of a saurian skeleton lies buried in the 
• spoil, the workmen knowing of no one who cared for such things. Shells 
are unusually abundant, and the shales contain spines of echinoderms and 
other small organisms in plenty. 



* Prof. P. M. Duncan states (Quart. Joum. Geol. floe, xxiii., p. 18), " The 
Montlmaltia called by M. de Fromentel M. tenui-septa and M. granigera. are 
found at Balderton, near Newark ; they cannot be considered to be anything more, 
than varieties of M. Hamei .... the correct geological horizon . . . . . 
requires elucidation." The specimens were collected on the Amm. planorbis zone. — 
W.H.D. 
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About a quarter of a mile south of this an old quarry shows a fairly 
typical section of the series, as fallows : — 

Clay with race and pockets of gravel 

Limestone - 

Shale 

Laminated limestone 

Shale 

Limestone - 

Shale 

Limestone - 

Shale ' - 

Limestone - 

Shale 

Limestone - 

Shale 

Limestone at usual level of water ■ 

18 ■' 

Saurian remains, Modibla, &c, occur in this quarry. 

The other old quarries to the south and south-west are very similar in 
section. 

Inlier. — The low ground surrounding Bennington > Grange, between 
Long Bennington anoTWest Allington appears to he an inlier of the Stren- 
sham series, and is so coloured on the Map. Its northern edge is abruptly 
cut off by one of the faults previously mentioned (p. 12.) Limestone has been 
raised from the fields near this edge, about a furlong S.E. of Thackson's 
"Well. The " well " so named is a perennial spring the position of which 
has doubtless been determined by the main fault ; a smaller spring in 
the middle of field about half a mile to the S.B. may be caused by a small 
branch fault. The latter spring is known as Arkenwell. 

b 1. Zone of Ammonites ' angulatus. — In the cutting, near Kedmile 
Station blue clays with small septarian nodules are visible, and, between 
the station and Rectory Farm numbers of these concretipns' have; been 
taken out _of the ditches and off the fields for the purpose of " metalling " 
cart-roads. Cfryphcea inowrva is common, and a large Nautilus was also 
seen among them. 

At the brickyard a quarter of a mile N.W. of Bottesford Church the 
following succession of beds occurs :— . 



Soil and gravel 

Light grey clay 

Layer of limestone 

Dark blue clay 

Hard limestone (with water) 

Hard blue clay below (not seen) 



feet. 
5 
1 

01 
4 
0\ 



11 



The dark blue clay contained Ammonites and Lima gigantea. 

Clay full of Gryphmas is] seen near the roadside in the brickyard half a 
mile W.S.W. of Bottesford, and similar clay with Qryphma and small 
septaria forms the hill on which Nbrmanton Mill formerly stood. 

The clays of this zone are traceable to the west of Allington and Foston 
and in the banks of the River "Witham between Foston and Bennington. 

b 2. Zone of Ammonites Bucklandi — Along the bottom of the slope 
between Barkston (Leicestershire) and the Nottingham and Grantham 
Canal, a bed of bluish-white stone is said to occur, but was not actually 
observed in any section, though fragments were seen here and there. 

In the side of the brook which flows between Barkston and Redmilo, at 
a spot about half a mile S.W. of Redmile church, there are large con- 
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cretions of a hard sandy limestone in a brownish clay, which enclose 
numerous fossils. The following is a list of those collected at this spot :— 

GryphaBa incnrva, Sby. 

Pecten sp. 

Avicula sp. 

Lima duplicata, Sby. 

„ sp, 
Pinna spathulata, Tate. 
Modiola scalprum, Sby. 

The clays containing these concretions are beneath the Ironstone series 
if the outcrop of the latter is correctly mapped ; but it is just possible 
that there is a fault along the valley of the brook and that the concretions 
above mentioned are in clays, which overlie the ironstone. It is at any 
rate a fact that similar fossiliferous concretions occur in the zone of Am. 
oxynotm (d. 1.) 

c." The Ironstone Series (Zone op Ammonites semicostatus). — The most 
southerly exposure of this zone is to be found in the cuttings of the rail- 
way from Melton Mowbray, beween Harby and Plungar. ' It is first seen 
in the deep ditch by the side of the line, a mile N.W. of Harby Church 
just before the branching of the line, and the beds have a gentle dip to 
the S.H. The overlying clay has been dug close to the signal-box, down 
to a floor formed by an oyster bed. This bed is about a foot thick 
and consists of a mass of Cfryphcea shells, so that there must be. some 
thousands of these fossils here compacted into the space of a few square 
yards. The shells are all irregular, with badly formed umbones, and are 
very different from the regular incurved forms found elsewhere in the 
Lias clays. It would appear that they lived under conditions which were 
unfavourable to their proper and regular development; possibly the 
quantity of iron which must have been present in the water may have 
been the disturbing cause. 

The next section is three furlongs to the northward in the cutting oyer 
which the road to Plungar is carried. At the south end of this cutting 
the following series of beds was measured : — 

feet. 
Brownish soil and clay - - - . - - - 4 

Hard yellowish ironstone rock, full of fossils - - - - 14 

Blue clay - - - - -.- - • - 2 

Bluish-grey ferruginous limestone, weathering brown and splitting 

into shaly fragments ; Gryphcea abundant.; few other fossils - OJ 

Dark blue shaly clay - - - - - - - 6 

14 

These beds dip about 3° to the N.N.W., so that the little valley to the 
westward occupies the site of an anticlinal curve, as indicated in the 
accompanying section, fig. 4. 

Fig. 4. 

Section along the Railway near Plungar. 
Bridge. Bridge. Bridge. Stream. Signal Box. 




Horizontal Scale, t inches to a mile. Vertical Scale, 120 feet to an inch. 
6,6, Beds of Ironstone rotk. r,r, line of railway. 
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Proceeding northward through the railway cutting; a continuation of 
the oyster-bed above described is found coming in above the uppermost 
rock-bed, and near the second bridge recent excavations in the bank gave 
the following succession :— 



feet, 
Olay soil and yellowish clay - - - 2 

Blue laminated clay - - - 

Calcareous layer, full of Gryphcea 
Grey shaly clay - 

Compact brown ironstone, fall of fossils 
Loose rubbly stone, with fossils 
Dark blue clay, with large Gryphcea - 
Grey ferruginous limestone, full of Gryphcea 
Blue shaly clay, seen for 



- 3 

- 1 

- 2 

- 1 

- 0i 

- 2 

- 01 

- 2 



14 

The beds here are nearly horizontal, and many fossils were obtained 
from the ironstone bands. (See Appendix I.) 

The ironstone beds have been traced by feature only through the 
village of Plungar, but were seen in the bank of a large pond by the road- 
side, one furlong S.E. of Barkston Church, and they have been dug in the 
fields east of that village. 

At Eedmile the rock was seen in the foundations of houses near the 
church, and there are old pits in a field pne furlong to the S.S.W. 

The position of this ironstone rock in the Vale of Belvoir and the 
distinctive feature it produces are illustrated by the diagrammatic 
section, fig. 1, p. 10. • 

North-east of Redmile the rocky bands are traceable through the Poor 
Allotments, and thence along the ridge towards Huntershorn, forming a 
tract of bright yellowish red or brown soil across the fields. Curving to 
the east they cross the main road, three furlongs S.S.E. of Bottesford 
Wharf Bridge, and Oardinia, &c. may be picked out of the ditch by the 
road side. Its further course is obscured by recent loam and gravel, but 
ironstone rubble was seen in the fields west of Muston. 

The stone has been raised in a large. pasture a mile and a half' east of 
Bottesford, and is seen on the southern side of it. The fields to the west 
and north are thickly strewn with fragments of similar stone and with 
Gryphcea, Gardinice, Ammonites, &c. which may represent a destroyed 
outlier. West of Sewsterne Lane the same shells/with Lima, Pecten, &c. 
are abundantly yielded by the southern outcrop nf the stone. 

This southern outcrop can be traced across the fields to the eastward, 
and by the spring marked Saltwell on the map to the village of 
Allington. 

Ironstone dehris is also found along the ridge to the north of the line 
above indicated, forming a broad band of bright yellowish-brown soil 
which is locally known as " creaehy" soil or "skerry" land, while the 
layer of rock below is called a " sherry." The beds on this ridge seem to 
lie in a kind of shallow synclinal and the valley between the two outcrops 
coincides with an anticlinal curve. 

Tracing this outcrop towards Allington, the following exposure was 
observed in a recently-opened pit a quarter of a mile S.W. of West 
Allington Church: — 

feet. 
Soil and yellow clay - - - - - - 2 

Bubbly rock, full of fossils - - - - , - 1 

Soft reddish shaly clay - - - - - - 0J 

Hard grey calcareous ironstone, full of Gryphcea and Cardinia 0J 

The fossils collected here were Ammonites semicostatus, Gryphcea mcurva, 
Cardwda Listeri, 0. ovalis, and G. concmna. 

The beds dip to the W.N.W., and may be traced due west to the pond at 
the road corner south of East Allington Church, where the rock is again 
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visible. Here, therefore, the synclinal above indicated becomes more 
marked ; the village of Arlington stands on the clay overlying, the iron- 
stone whieh crops out around the hill. The stone has been raised from 
pits in the park 1J furlongs north of West Allington Church, but is not 
now visible there ; it was, however, seen in the side of a pound 2 furlongs 
north of the eaBtem church. 

A section from north to south through Allington would appear as in 
Fig. 5. 

Fig. 5. 
Section through the Village of Allington. 

Horizontal Scale, 4 miles to 1 inch. Vertical, 400 feet to 1 inch. 

Road. W. Allington Church. 




a. Ironstone. 

Beyond Allington the strata resume their normal dip, and the feature 
produced by the outcrop of the ironstone beds continues to a point about 
one mile N;N\E. of Allington, where it suddenly- shifted to the west by the 
downthrow of the fault indicated on the Map. The outcrop is thus 
brought close to the main road between Allington and Foston, and thence 
the ironstone may be traced through the fields east of the latter village, 
the houses of which stand on the clay which, emerges from beneath it. 

North-east of Foston the dip'seemsto flatten again and the outcrop of the 
stone widens, capping the long ridge which stretches N.B. to the river 
Witham, near the debouchure of Foston Beck, and forming a broad strip 
of red-brown soil. 

Its continuation on the north side of the Witham near Westborongh 
appears to be brought up by a fault, and is only traceable for about half-a- 
mile, when there is a second discontinuity of the feature due to the 
presenbe of the rock, and an absence of any of the fragments which 
usually occur over the fields. These facts seem to indicate the existence 
of two faults throwing the beds down on the northern side. 

From Lincoln Hill it is distinctly traceable to 300 yards E. of West- 
borough Lodge ; thence it is obscured, but traceable by feature to the 
railway cutting about the 114 mile-post; here a bed of impure limestone, 
one foot thick, with Ammonites, Gryphcea, &c, is exposed for 60 yards 
along the line, lying at an angle of less than 1°. The cutting face above 
and below this belt of rock is .obscured, and except a slight feature NI. 
of Doddington Little Gate, no further trace of the stone is seen till near 
Fenton. Here the fieldB are again thickly strewn with angular frag- 
ments, the belt of which is shifted by a fault of small importance. The 
stone is seen in a roadside ditch a quarter of a mile B.S.E. of the church. 

Thence the outcrop has been traced northward between Beckingham 
and Broughton-on-Brant, but the only actual exposure observed along its 
course was in a small pit three-quarters of a mile N.N.E. of the farm named 
The Holmes on the map. 

Mr. Penning found the pit full of water, but states that a quantity of 
hard blue limestone, which seems to occur in thin layers, had been 
quarried here, and used for repairing many of the roads in the neighbour- 
hood. The blocks of this limestone were as usual full of fossils. See list 
in Appendix I., p. 125. 

d; Clays above the Ieokstone — At Bedmile ah excavation for the cellar of 
a house on the Oxynotus clays showed a large septarian 5 feet in diameter, 
in the hard sandy shale, which contained many small fossils (Avioula). 
See also p. 29. 



32 GEOLOGY OF S.W. LINCOLNSHIRE. 

A bed of inferior ironstone, 2 or 3 feet thick, has lately been laid bare 
in the drains jalong the tramway from Woolsthorpe to Muston, near the 
latter village. > This probably belongs to the zone of A. a/rmatm. 

The upper part of the A. dtoynobus clays, and the sands of the A. armatus 
beds, are exposed in a brickyard south of Broughton-on-Brant. Fossils are 
fairly abundant in each bed. 

At Broughton Mills brickyard the A. Jamesoni clays are worked ;, fossils 
are scanty and ill-preserved. 

The same clays are intersected by the railway north of Hougham 
Station, but the section is obscured by turf, &c. 

At Barkston Junction the cuttings on the main line and on the Boston 
branch are in the A. cQ/pricomma shales, the ironstone nodules of which con- 
tain many fossils. The same clay is seen in the sinking intended to carry 
the road under the railway at the statibn. 

The beds exposed in the brickyard near the canal south of Woolsthorpe 
Wharf appear to belong to the A. Jamesoni zone, and the ferruginous layer 
here seen may possibly be taken as the line of division between this and 
the overlying zone of A. ca/pricornus. The two levels of the pit show the 
following descending Bection : — ' 

feet. 
Stiff brown clay, mottled with ashen grey - » - -7 

Mottled sandy clay with layers of hard brown sand and broken frag- 
ments of ironstone - - - - - -3 

Soft marly clay with a layer of broken ironstone concretions at the 



Shaly clay, brownish above, becoming blue below, and containing 
claystones (septaria) - - - - - -7+ 

19 

The fossils obtained here are given in Appendix I. 

Mr. TJssher supplies the following notes :— 

The railway-cutting between Long Clawsqn and Harby Stations, at a 
mile and a quarter from the former, although for the most part concealed 
by surface wash and grass,, affords , indications of a band of ferruginous 
nodules at half way up the bank, about 7 feet above the rails. 
. In the nodules several fragments of Ammonites capricorwus and numerous 
Belemnites were obtained. , . , 

The adjacent cutting at the siding at the foot of the Eastwell Iron branch 
tram-line, shows blue shaly clays with nodular bands partly ferruginous ; 
the shales at the base of the exposure contain a few small fossils. 

These beds are probably about 160 feet below the base of the Marlstone 
Bock bed. The following specimens collected by Mr. H. B. Woodward 
and myself were identified, by Mr. Sharman : — 

Pentacrirms. fragment of stem. 

Rhynclionella sp. 

Avicula sp. 

Peeten Uaevtms, Nyst. 

Plicafada spmosa, Sow. 

Unicardvam cardiodcs, Phil. 

CeritMum ? 

Ammonites hrevispina, Sow. 

Belemnites sp. 
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CHAPTER V. 
Middle and Upper Lias. 

1. Middle Lias. 

General Description. — This division Comprises two members, — 
the lower consisting of clays, the upper of Marlstone Rock, to 
which distinct colours are given on the Map. Their combined 
and individual thickness varies very much ; in the northern part of 
Sheet 64 the Marlstone is about 20 feet thick and the clays are 
estimated by Professor Judd as more than 130 feet, making a total 
of about 150 feet ; but in the southern part of that Map the 
Marlstone thins to one foot in some places, and the underlying 
clays are probably not more than 60 feet thick. In Sheet 70 a 
similar thinning out takes place ; the clays of the Middle Lias near 
Grantham are not more than 40 feet thick, if so much, and though 
the Marlstone preserves an average thickness of 30 feet from 
Holwell as far as Caythorpe, it then thins rapidly and entirely 
disappears at the north end of Welbourn ; moreover it does not 
set in again for a distance of some 12 or 13 miles to the northward. 

It is not unlikely that this great gap in the continuity of the 
Marlstone rock, as well as its sudden attenuation in Sheet 64, 
may be due to what is termed contemporaneous erosion; that 
when originally deposited it may have formed a continuous stratum 
throughout the Rutland, Leicestershire, and Lincolnshire area; 
but that before the clays of the Upper Lias were deposited upon 
its surface much of it was eroded and carried away by the action 
of marine currents. The basement beds of the Upper Lias give 
evidence of being formed under conditions of shallow water which 
are exactly those in which such currents would be developed; 
Although therefore there are local breaks and signs of erosion at 
the junction of the Middle and Upper Lias, yet they are not such 
as constitute an unconformity, properly so called ; for as Professor 
Judd remarks, "although it seems probable that an interval 
occurred between the deposition of the Marlstone and the UpP er 
Lias, yet when we remember the fact of the passage of certain 
species from one to the other, especially of the Planulate Ammonites, 
it is clear that this interval was not one of long duration."* • 

Base Line, — The line of division between the Lower and 
Middle Lias adopted by Professor J udd is that between the zones 
of Ammonites capricornus and Am. margaritatus : the reasons for 
continuing to retain this line have been given by him in the memoir 
above quoted.t 

At the base of the Am. margaritatus clays in Sheet 64, Professor 
Judd found a set of sandy beds, including soft brown sandy iron- 

* Geology of Butland, Meta. Geol. Surv., p. 65. t Op. cit., p. 4fi. 
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stones, full of fossils, in thin bands, alternating with light blue 
clays ; and those who mapped the Lias in Sheet 70 naturally 
sought for the continuation of these sandy beds. It would appear 
however, that they thin out northwards, for they have no existence 
in the brickyard sections .at Middle 'Gonerby near Grantham, 
where there appears to be a complete passage from one zone into 
the other. 

The only marked horizon below the liock-bed near Grantham 
is a band of ferruginous cement-stones associated with phosphatic 
nodules. From Gonerby northward to Lincoln the outcrop of this 
bed has been represented on the map by a broken line where it 
has been seen, and the clay below it. containing Ammonites 
margaritatus passes down into similar clay containing Am. 
capricomus in abundance (see p. ). 

The distance of this nodule-bed from the base of the Marlstone 
Hock bed is about 40 feet, while the sandy basement beds observed 
by Professor Judd some 15 or 16 miles to the south-west are at 
least 130 feet from that rock. 

A. Clays with Am. margaritatus. — In Sheet 64 Professor Judd 
makes three sub-divisions in these clays : — 

(c.) Blue clays with balls of septarian ironstone, and occa- 
sional layers of sand or sandy clay. 
(6.) Blue micaceous clays with bands of septaria. 
(a.) Basement beds, clays with sandy ironstones. 

, In Sheet 70 sections are so few and far between that these 
horizons have not been traced ; the lowermost beds probably thin 
out, and near Grantham the lower beds are stiff blue clays with 
scattered septaria, overlaid by micaceous clays with courses of 
ferruginous septaria, the upper beds are clays with layers of sandy 
ironstone and sandy clay. 

B. The Marlstone Rock-bed is a ferruginous limestone, passing 
occasionally into a good ironstbne. The outer and weathered 
portions of the rock are of a reddisli-brown colour, but when 
covered by clay the lower and inner parts consist of a hard blue 
or greenish grey stone, and when pierced in well-borings it is 
usually described as " blue rock." Fossils are abundant, especially 
Rhynchonella tetrahedra and Terebratula punctata ; Belemhites of 
the species B. paxillosus and B. elongatus are also common ; 
Ammonites are rare, but Am. spinatus is occasionally found. The 
Brachiopods above mentioned must have swarmed in great 
numbers at this period, for they sometimes form lenticular masses 
or agglomerations, the shells being filled with calcite. These 
shelly, masses, termed jacks by the quarrymen, are very hard 
and difficult to break open. 

A. Middle Lias Clays. 

The Middle Lias Clays constitute a nearly continuous belt, on 
which lie, as protecting, caps, several outliers and promontories of 
the Marlstone. 
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The following section was measured by Mr. Skertcfaly in a road- 
outting"at Holwell : — 

ft. ins. 
12. Green and brown micaceous sands, passing upwards into 

blue clays which underlie the marlstone rock bed - 4 
11. Light-blue clay - - - - - - 3 

10. Thin band of ironstone balls .... 

9, Light blue clay - - - - - - 5 

8. Band of ironstone balls with Pecten cegmvul/ms - - 1 

7. Light blue clay with scattered nodules - - - 4 H 

6. Band of ironstone balls - - - - - 1 • • 

5. Light blue clay - - - - - - 9 

4. Scattered band of ironstone balls 

3. Light blue clay - - - - - -60. 

2. Band of ironstone balls - - - - - 9 

1. Light-coloured very argillaceous sand, with scattered 

nodules of ironstone - - - - - 3 

The beds 6 to 8 appear to pass into one solid band of stone near Holwell 
Mouth, where the following section was seen by Mr. Dalton in a pit 
at the tramway junction :— 

feet. 
Marlstone rock bed - - - - 10 

Clay - - - - - - -12 

Rock - - - - - ■ 5i 

Clay - - - - - - - 5i 

The uppermost beds of the Middle Lias immediately below the Marl- 
stone were seen in two places near Scalford. The first was on the east 
side of the brook at Scalford, at the bottom of a steep bank near the 
spring. Here micaceous shales with thin layers of micaceous sandstone 
were found, the latter cpntaining Cardiwm trvmeatwrn, Avicula wuBquwahiis 
and Ammonites sp. {? spinatus). , 

The second was by the road crossing the hollow north of Wykeham. 
Here similar layers of red-brown shaly sandstone, full of Oaraium 
irvmcatwm, and Avicula mcemwalvis, are interbedded with grey shaly clays. 
The best sections of the Middle Lias clays are in the neighbourhood of 
Grantham. The first of these 1b in the brickyard owned by Messrs. 
Hempsted and Co., in Barrowby Lane, west of Grantham, and about 
400 yards N-.W. of the Canal Wharf. 
The section visible here in 1883 was as follows :— 

feet. 
Brown sandy soil - - - - - - 2 

Yellowish calcareous and sandy shale, with lines of ferruginous 

concretions - - - . - - 4 

Hard ferruginous sandstone in several layers, with sandy 

partings : probably a decomposed ironstone - - 3 

Buff sandy shale, with septaria and lenticules of yellow 
micaceous sandstone - - - - - - 3 

Soft brown micaceous sand, with lumps of hard ferruginous 
sandstone - - - - - - 11 

Mottled shale, grey and yellow- - - - - 1 

Yellowish calcareous shale, stained with iron-oxide : a hard 
continuous bed - - - - - 1 

Dark grey micaceous shale - - - - - 8 

Brown shaly ferruginous limestone (Myacitea, &c.) - - 1 

Grey earthy micaceous shale - - - - - 4 

Floor of continous septaria, dark purple brown, and very 
heavy - - - - - - - 0J 

29 

The Marlstone comes on in mass just above the brickyard, so that 
these are the beds immediately underlying that rock. The ferruginous 
layer near the base iB the most fossiliferous bed in the pit. 
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At Middle Gonerby, N.W. of Grantham, a fine section is exposed in the 
contiguous brickyards of Mr. Bawdon and Mr. Ohallans, that of the first- 
named being very near to the outcrop of the Marlstone and disclosing some 
of the same beds seen in the last section (Hempsted and Co.). The com- 
bined section at Gonerby is as follows, the two yards being numbered I. 
and II. : — 

I. II. 

ft. in. ft. in. 
10. Buff and yellow marly shales, with a few septaria, 

weathering into yellowish" soil - - - 4 — 

9. Brown shaly and sandy marl, with large ironstone 

septaria at intervals - - - - -16 — 

8. Earthy shale, slightly micaceous, light-coloured above, 

dark grey below 
7. Continuous layer of rubbly ferruginous stone - 

Light grey micaceous shale .... 
6. Continuous floor of hard brown nodular septarian stone 

(best seen in Bawdon's) brickyard 
5. Light grey shale, finely laminated 
4. Band of ferruginous septaria .... 
3. Grey shale, stained with iron - 
2. Decomposed ferruginous septaria, mingled with smaller 

phosphatio nodules - - - - - — 08 

1. Dark blue shaly clay, with large arid small septaria 

scattered throughout - ""- - - — 20 
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Total depth* - - -' - . 54 2 



The ironstone septaria in bed No. 9 are large masses about' two feet 
diameter ; inside they consist of hard grey limestone, but the outer parts 
are decomposed into soft brown ironstone or ' ' rottenstorie " ; fossils, 
especially bivalves, are numerous. 

Bed No. 6 I regard as identical with that forming the floor of Messrs. 
Hempsted and Company's pit ; (compare beds above this). 

Bed No. 2 is the band with phosphatio nodules of which mention has 
already been made, and the outcrop of which elsewhere is represented by 
the broken line on the map. Combining the series of beds seen in 
Hempsted and Company's pit with that in Mr. Bawdon's yard, this nodule 
bed is found to be 41 feet below the base of the Marlstone. 
The dark blue shaly clay below has yielded the following fossils :— 

Ammonites Engelhardtii, B'Orh. 

; margaritatus, Mcmtf. 

; — nitesoens, Y. and B. • 

: spinatus, Brug. 

Nautilus sp. 

Belemnites sp. 

Eucyclus sp. 

Trochus acis, B'Orh. 

monoplicus, B'Orh. 

Peoten aequivalvis, Sow. 

liasinus ? Nyst. 

Goniomya hybrida, Munst. 

Gresslya Seebachi, Brauns. 

Leda graphica, Tate. 

sp. 

Pleuromya unioides, Bom. 

Unicardium cardioides, Phil. 



* On April 15th, 1885, 1 visited the pits, and found that a sinking in bluish gray 
elunchy clay had been made to a further depth of 12 feet in the floor of the Pit II 
beneath a band of large nodules occurring at the base of No. 1 in the above section' 
The lower pit, also belonging to Mr. ChaUans, is about 150 yards below U ." 
weathered shales with ferruginous nodules are exposed in it to a depth of from 10 to 
15feet - W.A.E.U. 
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Ammonites mwgaritatus was found in abundance by Mr. Bhodes in a 
band of septaria about 12 feekbelow the nodule bed. The fossils found in 
the beds above and below the nodule bed are given in Appendix I. 

The following section was observed by Mr. W. H. Holloway in the 
cutting on the railway west of Wellingore : — 

Ferruginous sandy soil (like that made by the Marlstone) 

Stiff, yellowish clay - - 

Light blue and yejlow stiff clay - 

Blue, finely laminated, marly clay .... 

Thin band of whitish, soapy clay .... 

Very, dark, ferruginous band, showing oolitic structure in 
places, and containing concretions like those often 
found!at the base of the Marlstone Eock Bed (fossils) - 

Stiff, laminated, clay ... - about 



For a further description of this interesting locality, see notes on the 
disappearance of the Marlstone Bock-bed, by Mr. Ussher, pp. 4Q, 41, 42. 

B.— Mablstone Rock-Bed.* 
Zone of Ammonites sjpmatus. 

The Marlstone Rock-bed form's a continuous te.rrace, projecting 
from the base of the slopes formed by the Upper Lias Clays. The 
width of this terrace varies greatly, according to the contour of 
the ground, and the local dip of the beds. From Holwell, by 
Grantham, to Caythorpe, it is so intersected by the valleys of the 
numerous streams which drain into the Devon and the Witham 
that its outcrop is broken up into a succession of promontories and 
outliers ; the whole space of ground covered by these having an 
average width of two miles, though the breadth of its main outcrop 
below the main escarpment is often not more than a quarter of a mile. 

Beyond Caythorpe its outcrop becomes very narrow, and at 
Welbourn it terminates abruptly, the clays nlone representing the 
Middle Lias for 20 or 30 miles northward beyond this point. 

This bed is now extensively worked for ironstone at Holwell, 
Eastwell, Eaton, Woolsthorpe, Caythorpe, and Leadenham ; and 
is everywhere quarried for road stone and rough building material. 
Analyses o£ the rock are given in Chapter XEII. 

At Holwell there are large quarries, two furlongs E.S.B. of the church, 
which exhibit the junction of the Upper Lias and Marlstone, as below : — 

feet. 

{Brown soil - - - - - 1 

Bluish shaly clay, weathering yellow - - 7 

Soft brown, ferruginous marl - - - 1 

Yellowish sandy clay_ (with fossils) - - 3 

(" Hard ironstone rock, jointed into blocks, which 
Maklstone < are brown outside, blue-hearted within - 14 
I Sand rock below (according to the workmen) — 

(See p. , for analyses) 

26 



* A good description of " The Lias Marlstone of Leicestershire as a source of 
Iron," referring also to S. Lincolnshire, is given by Mr. E. Wilson, Midland Nat., 
vol. viii., 1885. 
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The beds are nearly horizontal. There are other quarries near Holwell 
Mouth, see write, p. . The total thickness of the Marlstone appears to 
be more than 20 feet, and below the Scalford brickyard it is 30 feet. 

At Pitfield Lodge, about, a mile N.W. of Scalford, there are large disused 
quarries on the south side of the road and a new quarry on the north 
side ; in the former Mr. Skertchly observed a dip of 10° to S.E., and in 
the latter I found a dip of 15 to E.S'.E.' 

At White Lodge nearly a mile 8.E. of Eastwell there is a large quarry 
showing thick beds of tough ferruginous rock, which has been used for 
building purposes. Immediately east of this the Marlstone is cut off by 
the fault which brings down the Upper Lias (see Pig. 2, p. 12). 

At Eaton the Marlstone is exposed in the cutting for the new railway 
west of the village, and a trial hole opened in 1883 on the north side of 
the road three furlongs west of the church was sunk through more than 
30 feet of Marlstone without reaching its base. Quarries are now opened 
here for gaining the ironstone (see pp. 119, 120, for analyses) ; and also 
near Swaine's Lodge about a mile to the northward. 

In the quarries above the lodge about If miles S.W. of Belvoir Gastle 
the Marlstone appears as a dark brown sandy stone, with layers of hard 
calcareous ironstone. Some of the beds are full of fossils, but the shells 
of those in the softer sandy beds have been destroyed by percolating 
water. The harder beds, called by the workmen " jacks, "contain nests of 
Bhynehonelia tetrahedra, thousands of these shells being agglomerated 
together and many of them filled with calc-spar. 

Mr. Woodward contributes the following observations : — 

The ironstone beds worked at Woolsthorpe and Eastwell -consist of 
brown sandy iron-ore, 10 to 15 feet in thickness. This ironBtone forma 
the principal part of the Marlstone in this area ; the lower part for about 
5 feet, although ferruginous being too impure to repay the cost of working. 
The profitable beds are roughly separated from the unprofitable by a layer 
.of hard ferruginous and sandy limestone* crowded with specimens of 
Rlvynehonella tetrdhed/ra, and containing also Terebratula punctata. These 
fossils are by no means confined to this horizon, but they are conspicu- 
ously developed in this hard bed, which is much charged with green 
earthy matter. 

The irqnstone beds are very changeable in character, and in commercial 
value. To the north-west of the workB at Woolsthorpe the beds are much 
poorer. The iron-ore is sent from Woolsthorpe to Stanton Bedale in 
Derbyshire to be smelted. 

In the workings at Eastwell the ironstone beds are much broken up, 
and slightly faulted in many places, and the fissures are often filled with 
brown ochreous clay. The stone is slightly oolitic in places. 

In the cuttings of the Mineral Railway west of Denton, the Rock-bed 
was exposed to a depth of about 6 feet, decomposed ferruginous loam 
occurring on top for about 3 or 4 feet. Here some reptilian bones had 
been obtained. 

The following notes on the Eastwell and Woolsthorpe area are by Mr. 
Ussher : — 

The tramway down the Marlstone escarpment from the ironworks near 
Eastwell shqws the junction of the Rock bed with the Middle Lias clays. 
The Rock-bed rests upon soft, shaly, and micaceous sandy clays, with 
beds of friable sandstone at about 8 feet below the junction. The base of 
the Rock-bed is formed of 18 inches of conglomeratic rock, with numerous 
phosphatic concretions ; above this there is no indication of the sandy 
clays which for 4 or 5 feet below it are interstratified with friable 
sandy beds similar to the Rock bed in places, and which give evidenoe 
of an upward passage into the Marlstone. Owing to the absence of 
marked horizons, and definite and persistent indications of bedding, and 
to numerous small faults or joggles near it%escarpment, the thickness of 
the rock at the iron workings cannot be estimated with certainty. Not 
including the passage beds at its base, it may be about 20 feet. The upper 
part, of the Marlstone escarpment is very 'steep for about 80 feet, below 
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which the slope lessens considerably. Springs are thrown out at the base 
of the rock-beds. ' 

The railway cutting through the gentler . slope west of Eastwell is 
described at the end of the chapter on Lower Lias. 

"Woolsthorpe iron-workings show from 5 to 6 feet of broken rubbly 
ferruginous rock, capped by about 2 feet of rubbly stone and soil. Lower 
down the stone is found to be more compact, often of a very hard greenish 
colour, weathering brown. In another .place, further north, under 2 feet 
of rubble, is exposed 7 feet- of very rubbly rock, varying in places from 
decomposed fossiliferous arenaceous rubble to hard crystalline, limestone. 
Further north at a junction of tram-lines, a fault is shown in section, its 
direction is said to be east and west ; the downthrow is to the south. The 
uppermost beds of the Middle Lias Clay, consisting of pale grey laminated 
shaly clays with ironstone nodules and sandy layers brought up by the 
fault, are exposed to a depth of 6 feet. 

On the upthrow side the rock is full of phosphatic concretions, in places 
for 18 inches upward from the base ; above this it is very arenaceous, 
decomposing in places to a friable yellowish brown sand. Further north, 
about 5 feet above the base the beds for a couple of feet are crowded with 
IRihynehonella tetrakedra, and there appears to be 5 feet of decomposed rock 
above this. Further on the lower beds are hard and thick in a section 
about 10 feet deep, the upper beds being friable and honey-combed, with 
the characteristic Bhynehonella and Terebratulte. 

The steeper slope of the Marlstone escarpment is in a plantation, 
representing about 70 or. 80 feet of Middle Lias Clay. The ironworks 
tramway terminates at the edge of the escarpment overlooking WoolBthorpe 
Wharf Lodge, the stone containb phosphatic concretions at its junction 
with the clay, of which 15 feet is continuously exposed below it. There 
are two clay pits between the plantation and the Wharf Lodge ; the upper 
one does not appear to be fossiliferous. In the lower one Ammonites Jamesoni 
was found (see p. 32). 

Mr. Wilson in the paper above mentioned gives the following section at 
Woolsthorpe, in the Duke's Farm Quarry near the old church : — 

ft. in. 
Soil and rubble - - - 3 

Ferruginous marlstone - - -49 

Fossiliferous bed (" jack ") - - - 9 

Ferruginous marlstone - - - 1 

Second "jack" - - - _ - 1 2 

Ferruginous marlstone, with Am. spinatus, 

Peeten ■ Vwrmlouris, P. cBquivahis, Lima 

pectinoides, Modiola scal/prwm, Belemnites 

elongalms, Ter. pwnctata, l&hyrush. tetrahedra 1 
Arenatfeous beds, massive, open-jointed, un- 

fossiliferous, blue-centred rock - 5 4 

Rubbly stone - - - - - 1 

18 



Mr. Wilson informs me that he noticed the fault in the new workings 
for ironstone, south of Woolsthorpe Cliff Wood, and that Mr. Ingram, of 
Belvoir, has also observed a fault in a cutting above Denton, which he 
believes to be an extension of the same striking diagonally across the 
plateau from Woolsthorpe to Denton, though there are no surface indica- 
tions of its presence, because a portion only of the ironstone is thus cut 
out. At Woolsthorpe it is an upthrow to the north of about 8 or 10 feet. 

A stone-pit east of Barrowby Mires Farm exposes the Marlstone rock- 
bed, with the usual characters. Its thickness here is said to be 10 feet, 
underneath is a bluish or purplish clay weathering to a lighter colour. 

At the north end of the pit the soil and rubble is not more than 4 feet 
thick, but at the south end it' is 6 to 7 feet thick, and contains irregular 
pockets of whitish sand, like the sands which occur in the valley, and the 
rock below is more broken, and disintegrated. 
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A well in the field about a quarter of a mile N.E. of Barrowby Mires is 
said to have been dug through the Marlstone Rock for 27 feet and 3 feet 
into bluish clay below. The total thickness here therefore cannot be less 
than 30 feet. 

At a stone pit about half a mile S.W. of Barrowby Mr. Holloway saw 
the following section of the rock bed : — 

Soil 

Marlstone rubble - - " - 

"Weathered ferruginous sandy limestone 
" Jack " (hard arenaceous limestone) 
Ferruginous sandy limestone, seen to 



The hard stone or " jack " becomes much thinner towards the western 
extremity of the - pit, 'and passes from a hard stone into a perfectly loose 
brown sand. 

On Hamilton Hill, three miles north of Grantham, the ' brecciated or 
conglomeratic base of the rock, is seen. 

The extensive ironstone workings at Caythorpe furnish the following 
section, taken by Mr. Balton in 1882, at the West Yorkshire Iron and Coal 
Company's pits, west of the railway station : — 

Soil and rubble - - - 

Inferior ironstone (screenings and waste) 
Good ironstone - - 

Limestone band, slightly silicions 
Good ironstone 
Sandstone impregnated with iron 



Two or three patches of Upper Lias Clay have been found and dug away 
in these workings. 

The following notes on the disappearance of the Marlstone Rock-bed 
near Welbourn are supplied by Mr. TJssher. 

In November 1883, Mr. Howell accompanied me to Leadenham for the 
purpose of making further investigation into the disappearance of the 
Marlstone Rock-bed to the north of "Welbourn. From Leadenham 
cutting, where it is well exposed, the Rock-bed is evidenced by feature as 
far as Welbourn Church. At Welbourn Church repairs were being 
made on the occasion of my visit, the ironstone being visible for 3 or 4 
feet from the surface in foundations. ' The workmen told me that a clay 
seam 6 inches thick was penetrated beneath rubbly ironstone and soil, 
and found to rest upon a bed of ironstone. 

The feature for the base of the Marlstone dies out, as the hill shading 
shows, on the north of Welbourn village, a very gentle slope to the west 
taking its place from the foot of the steeper Upper Lias slope outward. 

This slope is cut through by a ditch, at about a quarter of a mile from 
Welbourn Church, in which a foot of ferruginous rook was shown resting 
upon clay. v 

At a quarter of a mile N. 28° E. from Welbourn Church, ferruginous 
brashy stone was visible by a pond near the ditch. 

To the north of these places we lose all signs of the Rock bed ; blocks 
of tufa.and ironstone were noticed by a- pond at a quarter of a mile north 
of the ditch, but they have probably been brought there ; tufaceous matter 
occurs by the railway on the north side of the bridge, where the road to 
the brick field crosses it. 

Between the road to Welbourn on the north and the brick field, the 
ground is low, and the junction between Middle and Upper Lias comes 
near to the road from Welbourn to Wellingore. 
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At the loot of the steep Upper Lias slope on the west side of Wellingore 
there is a distinct feature, which without further inquiry would be taken 
as indicative of the presence of the Marlstone, but beyond some slight 
indications of ferruginous surface soil (such as might be accounted for by 
the decomposition of a very thin ferruginous bed or film, or be due to 
washings down the slope from above), nothing but clay is exposed.* 

The railway cutting intersects this feature. The cutting is partially 
concealed by talus, &c. 

Between the roads crossing the railway a concretionary bed is visible at 
not quite 10 feet below the base of the Upper Lias slope, the cutting is 
here 12 feet deep ; the bed is in a synclinal in clays, which are exposed 
above and below. 

On the east side of the cutting at a few yards north from the northern- 
• most road bridge, dark grey shales are shown for 6 feet upward from the 
rails, the height of the cutting being 10 feet. At 193 yards from the 
bridge, the cutting being about 12 feet in height, some rubble on the west 
side at 6 'feet above the rails and apparently in continuity with the hard 
bed, yielded the following fossils : — 

Bhynchonella fodmaUs, Tate. 

Ammonites comm/imis, Sow., four specimens. 

At 229 yards from the bridge, on the same side of the cutting, at about 
4 feet above the rails, the hard grey concretionary ferruginous bed, about 
a foot thick, was seen in situ, the shales above it exhibiting a lilac tinge. 
The following fossils were obtained from it here : — 

BJvynchonella fodmalis, Tate, three specimens. 
JJ. tetrahedra, Sow., two specimens. 
Waldheimia WaterhousU, Dav., two specimens. 
Ammonites com/munis, Sow., three specimens. 

On the east side of the cutting, at a chain north of the spot last men- 
tiond, a stream-duct Bhows the hard bed at about a foot above the rails 
and a foot in thickness, and also exposes the shales above and below. 

At from 15 to 18 chains from the bridge the hard bed crops out at the 
top 'of the cutting, as within this distance ferruginous nodules were found 
at 5 feet above the rails. 

At 9 chains north of the southernmost road-bridge, the rock is exposed 
at the bottom of the cutting on the east side ; it consists of one or two 
b.eds of hard grey limestone containing iron pyrites in places, and in part, 
as shown about 30 yards further on, is full of phosphatic concretions. 
Altogether it is about 18 inches thick, and is irregularly overlain by hard 
compact grey nodules, at the base of the shale above. Belerimites occur 
in it ; it forms the base of the cutting for two or three chains in this 
vicinity. The following fossils were obtained by -Mr. J. Rhodes, the 
Survey fossil collector, in April 1885 :— 

Bhynchonella tetrahedra ?, Sow. 

TereTwaMa punctata, Sow. 

Waldheimia WaterhousU, Dav. 

Lima punctata, Sow. 

Pecten. 

Smnites. 

Cardmm truncatum, Sow. 

Ammonites communis, Sow. 

Belemnites. , 

This nodule-bed is not exposed between Wellingore cutting and Wel- 
bourn, but I have traced the norjzonby surface evidence in the intervening 
district, and have carried it on to join the base of the Marlstone at 
Wellbourn. 

The feature at the foot of the Upper Lias slope at Wellingore exactly 
corresponds with the Rock-bed feature, where the latter is present, so 
that I was led to regard the shales in the Wellingore cutting as Middle 



* Vide section by Mr. Holloway on p. 37. 
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Lias and, to conclude as Mr. Holloway in the section on p. 37 has 
hinted, that the hard bed is on the same horizon as the base of the Bock 
bed. This conclusion has been strengthened by a visit to the Marlstone 
Iron-workings at Eastwell and Woolsthorpe, where I found that the 
Bock bed was frequently crowded with phosphatic concretions for 
18 inches upward from its base. 

From these and the foregoing observations it would appear that the 
absence of the Marlstone to the north of Welbourn is due to a horizontal 
passage into or replacement by clay, the one kind of sediment dovetailing 
into the other. 

The occurrence of numerous specimens of Ammonites comnmnis in the 
hard bed in Wellingore cutting does not invalidate the above conclusion, 
as that form has been obtained from the Marlstone Bock-bed at three- 
quarters of a mile north of Ingham in Sheet 83.* 

W. A.E.U. 



2. Upper Lias. 

This division does not occupy any large area in Sheet 70, 
because it only occurs on the steep slope below the escarpment of 
the Inferior Oolite. Its thickness, however, amounts to about 120 
feet, and it is divisible into four sections or zones, as below. 

D. Leda ovum Beds. — The highest beds of the Upper Lias 
consist of blue clays with layers of septarian nodules, and are 
characterised by the abundance of the small bivalve called Leda 
ovum ; Ammonites bifrons, A. communis, A. serpentinus, and A. 
heterophyllus are also common, as is also Myacites donaciforme. 

C. Communis Beds. — At the base of this group are' laminated 
blue clays with beds full of small Ammonites {A. communis and 
A. annulatus). The overlying clays for a thickness of about 
50 feet are less fossiliferous, but they contain large quantities of jet 
and nodules of iron pyrites. 

B. Serpentinus Beds.-^These consist of shales with limestone 
nodules of much coarser texture than those of the lower beds. 
Certain Ammonites are particularly abundant in this zone, viz., 
A. serpentinus, A. falcifer, A. tythensis, A. elegans, A. concavus, 
and A. radians. • 

A. Dumbleton Series (at the base of ' the Upper Lias). — These 
consist of finely laminated blue 3ha)es with bands of thin flattish 
lenticular nodules composed of argillaceous limestone. The sur- 
faces of these beds are often completely covered with scales and 
fragments of fish, together with the remains of small crustaceans and 
insects. They were first described by the Eev. P. B. Brodie, who 
called them " the Paper Shales with Fish and Insect Limestones" 
but Professor Judd has proposed the name of Dumbleton series, 
from the locality where they were first studied by Mr. Brodie 

A. Dumbleton Series. — These beds have' been detected near Grantham, 
where they were observed by Professor Morris in some excavations made 
during the construction of the railway bridge over- the valley of the 
"Witham between Grantham and Little Ponton.* The exposure is thus 

* See also Judd, Geology of Rutland, p. 65 j and E. Wilson, " On the Lias 
Marlstone of Leicestershire." Midland Naturalist, vol. VIII. 
t Quart. Journ. Geol. Soc, vol. ix., p. 324. 
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described : " The Lias was finely laminated, and interstratified with it were 
thin, tubular, calcareo-siliceous layers or septaria, containing abundantly 
PosidonomyaBronnvi, and perfectly regular zones of two or three species of 
Ammonites in every stage of growth, from the most minute (about the size- 
of a pin's head) to their full-grown or usual size, indicating, as it were, a 
colony of these creatures which must have lived and died on the spot.. 
■Apfyehi were associated with many of the Ammonites, and with then* 
were examples of Bisema reflexa, Sow. Remains of insects and fish were 
obtained from this portion of the deposit, as at Dumbleton, Alderton, and 
Ilminster." 

In the cutting between Fulbeck and Leadenham Mr. Dalton detected, 
the " fish and insect " limestones projecting from the grassed slope. There- 
are two beds 6. to 8 inches thick and about 5 feet apart, crowded as usual 
with Inocerwmms dubvus. In places the upper bod is replaced by septaria, 
some of which contain as nuclei Ammonites crassus, A. amnulabus, or other- 
species, and bear on their exterior, obscure casts of bivalve shells. About 
40 feet of shales separate the lower limestone from the marlstone. 

The basement limestones of the Upper Lias and the associated shales 
are obscurely observable in an old brickyard, three quarters of a mile 
2T.E. of Welbourn. Remains of Ammonites, .Belemnites, Inoeeramut 
dubvus, &o. were found here in the limestone slabs and septaria. Mr. 
TTssher obtained Am. communis from this pit. 

Outliers. — These basement beds form three outliers in the neighbour- 
hood of Scalford. The most westerly of these was shown in 1882 in one of 
the ironstone pits at Holwell (see p. 37). 

The edge of the second outlier emerges from beneath the Boulder Clay 
N.W. of Scalford, and the beds are exposed in a brickyard, of which the 
following description is extracted from Mr. Skertchly's note-book. " No 
less than 20 feet of dark-blue laminated clay with bands of ironstone balls- 
are seen (1870) overlying the massive ferruginous limestone of the Marlstone 
' Rock-bed, dipping 7° to N.N.W. The clay is crowded with flattened shells, 
and contains layers of flattened nodules of the ' fish and insect limestones ' 
containing Ammonites and other shells and the usual fragments of fish, 
insects, and crustaceans. A fine fish ('like a sole') is said to have been, 
found here. Amongst the fossil shells are the following " : — 

Ammonites communis, Sby. 

„ radians, Rein. 

,, serpentinus, Rein. 

Inoceramus dubius, Sby. 
Posidonomya Bronnii, Goldf. 
Pecten, sp. 

Visiting this brickyard in 1883 I found the section to be : — 

feet. 
Shales with lenticular nodules - - - 16 

Shales with continuous floors of limestone - - 8 

Hard Marlstone rock (seen in the well) - -31 

A third small outlier is brought in on the south side of the fault which 
is intersected by the railway from Scalford to Grantham ; the section here 
is shown in fig. 6. 

Fig. 6. 
Section in the Railway Cutting East of Scalford. 

Scale, 200 feet to an inch horizontal : 80 feet to an inch vertical. 
Fault. Fault. u. Bridge. 




E 14304. 



c = Clays of Upper Lias. 
d= Boulder Clay. 
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In a landslip about 75 yards north of the bridge in this cutting the 
following exposure was observed by Mr. Dalton and myself in 1882. 

feet. 

Soil - 1 

Stiff blue clay - - - 3 

Brown ferruginous shaly elay with ironstone nodules - - 3 

Dark blue shaly clay with fragments of Am. serpentmus and 

Belemnites ... - 6 

Talus below - - - - - - - -4 

Another small outlier occurs to the west of Eaton, partly concealed by 
Boulder Clay, but about 5 feet of the basement shaly clay was seen in a 
trial hole on the north side of the road, overlying Marlstone. 

c. Commums Beds. — The only localities where we have found this portion 
of the Upper I/ias exposed are (1) a brickyard worked by MesBre: Rudd and 
Son, in Brickfield Lane, Grantham, about a quarter of a mile south of the 
railway station. (2.) A brickyard near Stoke Eochford, five miles south 
of Grantham-. 

In Messrs. Rudd's pit the section was measured by 
follows : — 

Shale and soil - 

Nodular ironstone ... 

Shale 

Gritty shelly bed with septaria 

Shale - - 

Double band of septaria - - 

Shale - - - 

Shale 

A well near — 

Shale 

Bock ...... 

Shale ...... — 

Dip 12° to S.E. 

The fossils collected here by Messrs. Gibbs and Rhodes are given in 
Appendix I. 

d. Leda ovum Beds. — The uppermost beds of the Lias are exposed in a 
brickyard at Stonesby, a village east of Waltham-on-the- Wolds. The 
base of the Northampton Sandstone comes on above them with an uneven 
dip to the S.W., and the beds seen in 1883- were as follow : — 

feet. 
Red ferruginous sandstone - - - - - 12 

( Pale grey, micaceous clay, with soft, rotten, 
tj Ltas < ferruginous concretions - - - 5 

' j Passing into dark blue, shaly clay, containing 
I selenite and iron pyrites - - 14 

These shales contain but few fossils. 

The same beds are cut through by the Great Northern Railway, just 
south of Grantham, and the cutting was examined by Professor Morris soon 
after its excavation. He thus * describes the beds which were then 
exposed : 

"The first, or Spittlegate cutting, is through the Upper Lias, consisting 
of about 30 feet of dark tenacious clays, with four zones of small and large 
septaria, generally of a tabular form, and dipping with the clays towards 
the south-east." 

' ' The upper part of the Lias is of a grey or light ash colour, resulting 
probably from atmospheric action ; above this is about nine feet of very 
fragmentary Oolitic rock, sometimes ferruginous, associated with siliceous 
sand" (Northampton Sand). 

' ' The Lias was tolerably rich in fossils, especially in some places ; among 
the most abundant were Nuaula [Leda) ovum, Panopcea (Myosites) donaci- 
forme- (many in a vertical position), Ammonites Walcottii, and Ammonites 
serpentmw." For a fuller list, see Appendix, p. 130. 

* Quart. Journ. Geol. Soc, Vol. ix., p. 824. 
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CHAPTER VI. 



INFERIOR OOLITE. 
1. — The Northampton Sand. 

This arenaceous member of the Inferior Oolite is divisible into 
a lower murine and an upper estuarine portion. The former 
{Northampton Ironstone) rests on an eroded surface of Upper 
Lias Clay, and consists of a hard ferruginous rock or ironstone 
passing upwards into brown sands ; these are succeeded by white 
sands with occasional layers of clay and lignite, and to these 
upper beds the name of Lower Estuarine Series has been given. 
The total thickness of the group is variable, but does not exceed 
40 feet in Sheet 70. 

The ferruginous beds of the Northampton Sand form a rich red 
soil, which is specially adapted for the growth of spring-crops. 
In the southern part of the area included iu Sheet 70, it forms 
tracts varying in width from two to eight furlongs,, but further 
north it only crops out as a narrow band along the flank of the 
great escarpment known as the Lincolnshire Cliff. 

A. — The Northamptonshire Ironstone presents two different 
facies according to the depth from which it is raised, the surface 
portion being very different in colour, texture, and chemical consti- 
tution from the more deeply seated portions of the ore. 

When quarried near the surface, the uppermost five or six feet 
.are seen to form a rubbly mass, consisting of irregular fragments 
of a hard brown mineral, mixed with a soft lighter brown earth ; 
this passes down into a softish brown rock which usually presents 
a remarkable cellular structure, caused by the arrangement of the 
hard brown mineral in plates so as to form complete prismatic 
cells ; each cell encloses a mass of the lighter coloured earthy 
■ ironstone, and it is often itself surrounded by a layer of the same 
material. The inner surface of the hard laminae, forming the 
walls of these cells, is always sharply defined and very irregular, 
frequently presenting mammillated and botryoidal characters. The 
outer surface, on the other hand, generally graduates into the 
investing light-coloured material. In chemical composition this 
brown' ore consists principally of hydrated sesquioxide of iron, 
with a certain percentage of siliceous matter. As it is only this 
superficial portion of the ironstone which is used as an ore, most 
of the quarries only exhibit this variety of the stone. 

"But if the beds be followed vertically to some depth, or 
horizontally some distance into the side of a hill, remarkable 
changes in the nature of the rock will be found to occur. 
Where quarried at some depth' from the surface each block will 
be found, when broken, to contain a nucleus of compact impure 
carbonate of iron of a bluish or greenish gray colour, and, as we 
go farther from the surface, these nuclei will be found to 

d 2 



46 GEOLOGY OF S."W. LINCOLNSHIRE. 

gradually increase in size till, in the end, the whole mass of 
each block is found to be composed of the carbonated mineral. 
While the upper peroxidised beds are easily traversed by water, 
the solid carbonated beds below, on account of the closeness of 
their joints, are much less pervious, and become 'water-bearing.' 
These facts are. perfectly familiar to the well-sinkers of the 
district, who find that to obtain water it is always necessary to, 
pass quite through the ' Eale ' (the soft weathered beds), but 
that copious springs will be found in the 'rock' (the solid 
unweathered beds), below."* 

Prof. Judd has shown that this change in the_ lithological 
character of the rock has been produced by the chemical action of 
percolating rain-water, which has decomposed the carbonate of 
iron, setting free the carbonic acid, and re-depositing the iron as a 
hydrated peroxide. The following observations are quoted from 
Prof. Judd's memoir, f 

" That the whole of the Northamptonshire ore once existed in 
the form of the grey carbonated mineral, and that the two 
■varieties of the brown peroxidised mineral are only altered con- 
ditions of the original rock is, I believe, at once suggested by a 
study of the general features of the formation and confirmed by 
an examination of its lithological, microscopic, and chemical 
diameters. The cause of this alteration was none other than 
the percolation of atmospheric water through the substance of 
the rock, to which it had gained admission by the planes of 

bedding and jointing '. Carbonate of iron is 

rapidly decomposed in the presence of free oxygen (which all 
rain water contains), hydrated peroxide of iron being formed 
and carbonic acid set free, the last being of course at once- 
dissolved by the water. The carbonated water is now in a 
condition tc act on the soluble portions of the iron ore, which 
we have seen to consist of a small proportion of the alkaline 
earths ; these it rapidly dissolves as well as minute quantities of 
alumina and silica, and thus the hard waters of the springs- 
would be formed But besides the removal of 

the carbonic acid and certain soluble materials from the rock, 
it has undergone another most remarkable change, by the redis- 
tribution of the iron within it, and the production thereby of the 
cellular structure." The arrangement of this oxide of iron, in 
lamina? roughly parallel to the planes of bedding and jointing, he 
explains as follows : As the water penetrates the rock it attacks a 
portion of the carbonate of iron, parting with its oxygen and 
taking up carbonic acid ; but carbonate of iron being very soluble 
in carbonated water, the liquid in the inner portion of the blocks 
must quickly become strongly chalybeate. This liquid, passing 
outward by diffusion, would meet with fresh incoming water con- 
taining oxygen, and at the place where the two liquids came in 
contact there would be an immediate precipitation of hydrated 

* Judd, Geology of Kutland, p. 116. 
f Op. cit. p. 134, 135. 
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peroxide of iron. This deposition would naturally take place along 
planes at right angles to the directions from which the water 
acted, and parallel to the planes of bedding and jointing ; the 
result being to produce the cellular structure above described: 

" The ironstone of the Northampton sand often yields from 
30 to 50 per cent, of metallic iron ; but its highly siliceous 
character causes it to be of more value when used in admixture 
with other ores than when smelted alorie." The ore is worked at 
several localities in Lincolnshire, but the only place within the 
limits of Sheet 70 where it is now raised is about 1£ miles north 
of Waltham-on-the-Wold, to which spot a branch line* from 
Scalford has lately been constructed ; an analysis of the ore from 
Waltham is given on p. 120. 

In the map to the north (Sheet 86) it is largely worked near 
Lincoln, and great quantities of it are conveyed to the JVoding- 
ham iron-field, where it is mixed with the argillo-calcareous 
ore obtained from the zone of Ammonites semicostatus. This 
admixture of the two ores in smelting, produces excellent results, 
for the superabundance' of lime in the one acts as a flux to 
the siliceous element of the other, and does so more satisfactorily 
than the simple admixture of a limestone flux. 

The rock bed of the Northampton Sand is, as we have seen, 
the great water-bearing bed of ihe district, and copious springs 
are frequent all along its line of outcrop at or near its junction 
with the underlying Upper Lias clay. 

B. Lower Estuarine Series. — The upper part of the North- 
ampton Sand consists generally of beds of white sand interstratified 
with layers of grey, green or black clay, and sometimes the clays 
are in greater force than the sands. The sands and clays frequently 
contain plant-remains and vertical carbonaceous markings, indi- 
cating that the plants grew upon the spot, and were gradually 
embedded by the deposition of fine sediment around them. Other 
fossils are not common, but occasionally thin seams containing 
shells of the estuarine bivalve Cyrena are found. » 

The only good sections of the Northampton Sands in our area are those 
exposed by the extensive working of the ironstone beds in the neighbour- 
hood of Waltham-on-the-Wold. This exploration has brought to light 
some interesting details which might otherwise have remained unknown. 
The general succession may be summarised as follows : 

Lincolnshire Limestone 
Shaly sandstone - - - 

f Soft yellow sand 
-_ I Bluish Rrev laminated clays 

Northampton J Ironsto ° e (best red stone) - 

bASDS. "i j rong |; 0n e (" curly ") a mass of fossil casts ■ 

^Ferruginous " sandstone" - 

The Waltham workings are now (April 1885) abandoned, the ore being 
here of poor quality ; the analyses varied much, the average showing iron 
20 p. c, silica 50 p. c, moisture 10 p. c. For analysis of the Lincolnshire 
Limestone here see p. 117. 

In the railway cutting on the N.E. Bide of the road near Waltham 
Station the Lincolnshire Limestone is found with a westerly dip, but much 

* Not used for passenger traffic. 
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broken and disturbed. At the extreme end of the cutting, 13 chains from 
the bridge, grey shaly clay is brought up from beneath the limestone with 
a dip of 40° to W ., 11° N. ; this isfaulted against a face of limestone with 
an apparent dip of 35° to "W., 10° S., the fault itself trending E., 40° S., or 
nearly at right angles to the railway cutting. 

In the direct line of the cutting and 5 chains beyond its present termi- 
nation is a trial hole, which, according to the foreman, pierced limestone, 
clay, and ironstone, and the ground immediately beyond is thickly strewn 
with fragments of ironstone which is probably faulted up against the 
limestone. In the fields to the north the Boulder Clay comes on, but the 
excess of limestone fragments in one part of a field and of ironstone in the 
rest points to a continuation of the faulted junction ; for if there were no 
fault, a band of clay -land would intervene between the two. 

An examination of the cutting for the Holwell Iron Company's tram- 
ways, bearing S.E. from the railway bridge, shows that the whole area is 
shattered by faults of small individual but considerable aggregate throw. 
They all bear N., 2° W., and with one or two exceptions have downthrows 
to west. In the short intervals between the faults, often only a few yards, 
the beds are tilted at angles varying up to 45°, so that in the face of the 
workings the ironstone presents a series of sharp ridges, while the inter- 
spaces between are filled up by the clays of- the Lower Estuarine Series. In 
one case a trial hole was sunk 11 feet in stiff clay, the side of the pit being 
but 6 inches from a fault that brought the rich ironstone nearly to the 
surface. The ultimate effect of these faults is to bring down the Oolite at. 
the railway, far below the position which the plane of the main mass would 
occupy. Its western limit is masked by drift; it may be a fault or a 
natural boundary. Its eastern limit is certainly a fault, breaking an 
anticlinal axis, as shown in Eig. 7, for an open well was sunk at the 
offices of the Holwell Company's works, 5 chains from the centre of the 
railway, passing through 19 feet of limestone, while the cutting a few 
yards further east shows Lower Estuarine Clay dipping eastward under 
limestone debris, and faulted against the ironstone. 

At a point about 8 chains from the turnpike road a small mass of the 
limestone is faulted down between the clay and ironstone ; it is too small 
to be shown on the map, as its breadth along the working face is only 
about 25 feet. Nearer the turnpike road there are several faults hading 
in the opposite direction, with downthrows on the eastern side, making 
with the others a broken synclinal. (See Fig. 7.) 

This congeries of small faults is a serious inconvenience in working 
the ore, as all the clay between the ridges has to be removed, and much 
of the worthless sandstone also, in order to reach the profitable portions. 

In the field to the east of the main road a trial hole shows ironstone 
nearly horizontal, and in the succeeding field it passes beneath clay and 
limestone dipping gently eastward. 

The cutting of the Staveley Iron and Coal Company to the S.W. of the 
other is in some respects clearer, and in it the fault which brings down 
the Oolite on the west is actually visible at a distance of about 15 chains 
north-west from the main road. 

The fault crosses the line of tramway obliquely, and bears a little east 
of north ; on the west side there is limestone, disturbed and broken ; on 
the east side the Estuarine Clays are seen dipping rapidly beneath 3 feet 
of yellow sand passing up into shaly sandstone (1 foot), and succeeded by 
broken limestone ; the clays are then faulted up again, and a little farther 
east the ironstone is brought to the surface. 

At the end of this tramway, by the new bridge under the main road to 
Waltham, the cutting is 12 feet deep, showing the following section : — 

feet. , 
Brown sandy soil, with lumps of ironstone - - - 4 

Good ironstone - - - - - - 3 

Brown " sandstone " (perhaps a decalcified ferruginous 
limestorie) - ... - . .5 

The beds here are undisturbed, and nearly horizontal. 

The Staveley Company do not separate the richer from the poorer ore, 
but send all away to be smelted with other ores of a calcareous nature! 
Their workings show less clay than in those of the other company. 
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The faulted junction of the Estuarine Olay and Lincolnshire Limestone 
-can be traced southward for nearly half a mile beyond the point where it 
is crossed by the tramway of the Staveley Company. It then appears to 
be cut off by a cross fault with an upthrow on the south side, so that as the 
limestone lies in a synclinal its boundary' line is shifted westward; but the 
■obscurity of the ground, and the multiplicity of small faults, render the 
mapping here exceeding difficult. Limestone has been quarried on the 
north side of the road from Waltham to Goadby Marwood, but appears to 
he cut off by a cross fault on the south side of that road, for in the valley 
west of Waltham the ferruginous sandstone which forms Ahe basement bed 
of the Northampton Sands is found, throwing out two strong springs, one 
of which deposits carbonate of lime on the moss, &c. at its mouth. 

Another fault must run northward along the west side of Waltham, for a 
well in the yard of the " Royal Horseshoe" Inn (opposite the church) was 
dug and bored to a depth of 40 yards in blue clay without finding water; 
while at the cottage just west of the yard water was found in ironstone at 
a depth of 14 feet. Here therefore the ironstone is faulted against Upper 
Lias. The base of the ironstone comes in again on the east side of this 
narrow strip of Upper Lias, for on the green be Ween the inn and the 
-church there is a well 21 feet deep, the top 7 feet of which is ironstone. 
Elsewhere in the town water is easily found in the sandstone, the deepest 
-well being at .Mr. Carter's (a well-sinker) about 2 furlongs E.S.E. of the 
■church, where the ironstone and sandstone are together 30 feet thick. 

At Croxton Kerrial the church and north part of village stand on the 
"ferruginous beds, but east of the church a bed of white marly clay is dug, 
and is carried to Grantham for making into mortar. 

No other sections have been noted till we come to Syston Park, N.N.E. 
of Grantham, where the following beds were seen by Mr. W. H. Holloway, 
in a sand pit in Minnitt's Wood, near the North Lodge of the Park : — 

Soil with rubble oolite - - . - 

Eubby oolite (base of Lincolnshire Limestone) 

Sandy limestone (Collyweston Slate), hard at the top, softer 

below --..... 

' "Brown sandy marl ...... 

Hard micaceous sandy marl - 

Black clay, with thin laminae of white sand 

White sand .... . 

Dark purple clay, with occasional nodules of sandy iron- 
stone - - - 
Red ani white sand, in some places nearly all white, but the 

upper and lower edges are always ochreous. 
White purplish and grey sandy marl 
Greenish black clay, with occasional specks of sand 
Band of brown ferruginous and somewhat sandy clay exhi- 

bitin ; internally a slightly nodular structure 
Very dark greenish black blay .... 

Greenish sand with occasional lumps of green and purplish 

clays, with plant markings - - - 

Hard white stratified sand., with ferruginous lines at the 

bottom - - - . 

Band of clay, with carbonaceous matter, colour variable - 
Light grey clay --.... 

Irregular band of sand with ferruginous markings 
White, _ purplish, and grey clays, with carbonaceous 

markings ---.... 
Grey and yellowish clay passing down into - 
.Light blue clay, becoming darker, seen to a depth of 



The railway cutting west of Ancaster exposes a long, low, much faulted 
anticlinal of the Northampton Sands (see Fig. 8). The section varies 
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from point to point, but may be thus summarized 
according to Mr. Dalton who visited it in 1882 : — 
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Lias clay (a) in water channel. 

Most of the faults are oblique to the line* of .section. 
The Lias is brought up by a sharp fault in the middle 
of the section. The Estuarine Beds are thinner than 
usual. 

A clearer section of the Estuarine sands and 
clays was seen by Mr. Holloway in the cutting 
for a new siding on the railway west of Ancaster 
Station. 
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Course of very sandy stone, hard and brown 
at the top, passing* down into softer pale 
yellowish stone (=Oollyweston Slate) 
Turple and black laminated clay 
Loose white sand ... 

Purple and white laminated clay 
Brown, purplish and black laminated 
clay ..... 
Soft sandy band, stained with iron at 
top and bottom and showing distinct 
lines of lamination - 
Brown, reddish, grey, purple, and 
black laminated clays, with a few 
thin seams of white sand 
Soft white sand, stained at top and 
bottom with iron ... 
Green and black laminated clay 
Soft white laminated sand, with 
occasional lines of purple, black, and 
yellow clay .... 
Hard sandy bed, white at top, becoming 
yellow and finally brown at the 
bottom .... 

^Purple, black, grey, and white clays - 
Reef rock, very ferruginous and , sandy, 
with occasional thin calcareous bands, 
shows . concentric structure where 
weathered = Ironstone of Northampton 
Sands ..... 
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CHAPTER VII. 

The Lincolnshire Limestone. 

General Description.. 

This formation, as already stated, should probably be looked 
upon as the eastern portion of a great lenticular mass of marine 
limestones intercalated between the Upper and Lower Estuarine 
Series.- The strata composing thio Lincolnshire Oolite are rather 
variable in lithological character ; in some places they form beds 
of valuable freestone, and in others they are coarse shelly rag- 
stones, interstratified with soft, marly or oolitic limestones. , 

Two of the aspects which it assumes may, however, be specially 
mentioned. The first is termed by Prof. Judd " the Coralline 
facies " ; it is characterised by beds of slightly argillaceous lime- 
stone, sometimes oolitic, but generally compact and subcrystalline 
in texture, and abounding in 'the remains of corals, which are 
usually converted into masses of finely crystallized calcite. There 
are certain shells which are particularly characteristic of this facies, 
viz.: — Natica Leckhamptonensis, Pholadomya -Jidicula, Ceromya. 
Bajociaha, : Pinna cuneata, Mytilus sowerbyanus and Terebratula 
submaxfflaia. These limestones afford ample evidence of having 
once been true coral reefs. 

The second variety of the Oolite has been termed the " shelly 
facies," and .consists almost entirely of small shells or fragments of 
shells, sometimes water- worn and sometimes encrusted with 
carbonate of lime. Some of the beds present an oolitic structure. 
Small gasteropods are abundant but are usually water-worn ; of the 
bivalves there are usually only single valves/frequently eroded 
or broken. These beds were evidently, banks of dead shells accu- 
mulated near the coral, reefs, under the influence of varying 
currents. 

These characters are not constant, and do not occur at any par- 
ticular horizon. BedsoftbeshellyfaciesforinstaD.ee sometimes 
occur near the base of the series, and sometimes near its upper 
limit. Neither have the freestones any definite relations to the 
other limestone strata. 

There are, however, certain fissile sandy beds which are only 
found at the base of the Lincolnshire Limestone, and are, in fact, 
the passage beds between it and the underlying Estuarine series. 
The lowest of these beds in the neighbourhood of Collyweston,- in 
Sheet 64, is so fissile as to split up into thin flags fit for being used 
as roofing slates, Hence it has been called the Collyweston Slate. 
No bed exactly resembling this has been detected in the area we 
are describing, but one or two courses of flaggy and sandy lime- 
stone are always to be found where the base of the limestone is 
exposed. (See the sections on pp. and . These sandy beds 
sometimes contain large quantities of wood with the remains of 
ferns [Polypodites Lindleyi) and other plants, indicating the close 
proximity of land. 
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: The Lincolnshire Limestone forms a broad plateau which 
traverses the centre of Sheet 70 from south to north. In the 
southern part of the sheet the regularity of its outcrop is inter- 
fered with by faults and synclinal folds, and much of its surface 
is concealed by outliers of the Great Oolite Series and by patches 
of Boulder Clay. North of Ancaster, however, its course is much 
more regular, and it forms a broad strip of high ground, with nn 
average width of about four miles. 

The soil over the tracts of Lincolnshire limestone is usually of 
a very light character and a bright red colour, the latter feature 
being probably imparted to it by the oxidation of the small 
amount of iron in the limestone, or by the decomposition of the 
thin* band of ironstone which overlies it and forms the base of 
the succeeding Great Oolite Series. 

With regard to the thickness of the Lincolnshire Limestone in 
Sheet 70, the following information has been obtained. 

At Somerby Manor House, and at Cold Harbour east of 
Grantham, the wells are about 100 feet deep. At Weaver's 
Lodge, north of Haydor Lane, and 2\ miles west of Denibleby, 
a" well was sunk through the limestone by Mr. Burrows, of Great 
Gonerby, who gives the total depth as 104 feet (limestone = 96 ;. 
clay below =8). Another well at Gipple on Ermine Street, 
\\ mile north "of Welby, was bored 102 feet without reaching the 
base of the limestone. In Mr. Holloway's notes I find the fol- 
lowing: — "A well at Barn (? Bath) Cottage, on the south side of 
Haydor Lane, about half a mile east of the " Nightingale " Inn, 
is said to be 135 feet deep, going completely through the lime- 
stone and into the clay below for some few feet, but to what 
depth I could not ascertain. It was dug more than 50 years 
ago, and was only once known to be dry, namely, in the winter 
of 1873-74. Now (June 1874) there is about 20 feet of 
water." 

From the united testimony furnished by the wells above men- 
tioned the thickness of the Lincolnshire limestone in this district 
would appear to be something over 100 feet. 

Outlier. — The large area of limestone which lies to the west of 
the valleys of the VV.itham and Cringle Brook is really an outlier, 
' for the latter stream, rising in Buckminster Park, has everywhere 
cut its channel down into the upper lias ; but both these valleys 
are so narrow that the mass practically forms part of the main 
mass, the course of which we have already indicated. 

The tract of limestone in and south of Croxton Park is also an 
outlier, being cut off from the main mass by a fault with a down- 
throw to the west. 

Inlier. — The only inner of the Inferior Oolite is that near 
Irnham which is brought up by an anticlinal fold striking nearly 
east and west across the river valley (see p. 16, and fig. 3). 

Description of Sections. 
"The Lincolnshire Limestone enters Sheet 70 beneath the Boulder Clay- 
south of Gunby and west of the Witham Yalley, but its boundary as far 
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as the Cringle Valley is a line of fault, thence it is deflected westward 
under the influence of a synclinal by Sproxton and Salfcby, and is faulted 
down still further to the west by Stonesby and Waltham-on-the-Wolds, 
where it curves round and strikes 2ST.E. through Croxton Park. 

The limestone is quarried near Stonesby and Waltham, a noteworthy 
feature being the occurrence of a band or bands of greyish shaly clay 
interstratified with the solid beds of limestone. 

At the large stone quarries about five furlongs east of Waltham church, 
the following section was .observed in, 1883 : — 

12. Soil and rubble ------- 

11. Beds of compact earthy limestone, with a slight tinge of pink 
in some places - - - - 

10. Course of hard splintery limestone - - - - 

9. Hard compact earthy limestone, very shelly in place, in 

three courses with seams of calcareous shale - 
8. Coarse-grained oolite (Ragstone) 

7. Hard rough oolitic ragstone, very loose and rubbly at the base 
6.' Yellow laminated micaceous sand ... - 



In an old working at a lower level lower beds were seen : — 
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7. Rough oolitic ragstone - 

6. Hard yellow micaceous sandstone 

5. Loose sandy and shaly limestone 

4. Shelly and oolitic limestones 

3. Compact earthy limestone 

2. Gray shaly clay - 

1. Very hard compact blue-grey limestone 



The outlying strip of limestone near "Waltham Station has already been 
mentioned (see p. 117 for analysis). 

A trial hole at the edge of the limestone, one mile N.N.W. of Waltham 
Church, showed a thin layer of grey clay overlying 6 feet of decomposed 
marly limestone ; outside was thrown out a quantity of soft ferruginous 
sandstone and nearly black shale (Lower Estuarine). In the quarry just 
south of this, the following section was taken by Mr. Skertchly in 1870 : — 

Soil - ' 

Rubble limestone ----.. 

Compact limestone ------ 

Marlybed -----.. 

Limestone (Ragstone-with disseminated oolitic grains and 

shell fragments) ------ 

Clay, blue and marly -----. 

Limestone, compact, very hard, blue, without oolitic grains, 

seen to- - - - - - -20 
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The quarries near Denton have yielded a large number of fossils, a list 
of which, will be found in the Appendix, p. 181. 

Mr. Brodie observes that the more marly layers are particularly rich in 
corals and recall the facies of the Oolite marl at Criokley in Gloucester- 
shire.* 

The following descriptions of the cuttings along the course the Great 
Northern Railway are quoted from Prof. Morris' paper : — f 

* See Brodie, Ann. Nat. Hist., ser. 2., vol. vi., p. 261. 
t Quart. Journ. Geol. Soc, vol. ix., p. 324. 
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"The Little Ponton Cutting next follows, in which the oolitic rocks are 
much disturbed und fissured, the dislocated beds lying at great angles in 
various directions and very irregular. At certain parts, however, the 
strata are tolerably parallel. The greatest depth of the cutting is about 
50 feet, and consists of the following descending series — " • 

feet. 
, Eubbly oolitic, composed of rag and very comminuted 

shelly beds ---...? 
Compact shelly beds, thick-bedded, pisolitic - - 15 

A thin band of slaty clay, 2 to 3 inches. 
Compact marly and. shelly rock, with Lutina,' Pinna, 

Ostirea, Avieula, Trichites, Corals - - 5 

Marly oolitic rocks containing Gervillia acuta - - 5J 

Compact marly rock, with few oolitci grains - - 1 

Thin vein of clay 2 to 3 inches. 

Coarse-grained oolitic rock .... 6 

Stratified grey sandy clay - - - 1£ 

Marly oolite, full of small Pectens 0i 

Compact marly and sandy rock, with Gervillia acuta, 

Trigonia PhilKpsi - 3| 

Ferruginous sandy oolite, with shells in fragments - 1 

39 

Prof. Morris remarks that " these lower beds of the limestone have 
a greater amount of the marl in their composition than the upper beds, 
and this character obtains over a large space : in these beds also is 
found a icertain assemblage of testacea, some of which also occur in 
the Inferior Oolite of , Gloucestershire. The upper portion or rag-beds 
are more shelly and pisolitic in structure, sometimes thin-bedded and 
frequently showing false-bedding or oblique lamination ; the inclination 
of the laminse being about 80 and having in many instances a south- 
easterly direction. In this series frequently occur thick beds of free- 
stone; a good section of them is seen in the neighbouring quarries of 
Houghton Hill." 

" Between the Ponton Cuttings are two sections of small depth, from 
6 to 9 feet, consisting of the shelly pisolite with false bedding, and con- 
taining many small univalve shells, as Cerithium, Neritina, Patella 
(P. rugosa), and some small bivalves ; the drift, as noticed at p. 318 
[of Q. J.G-.S.], covering a portion of one of them." 

" The Great Ponton Cutting differs in its general section from that at 
, Little Ponton, in consisting mostly of the upper beds of the series ; at the 
north end the strata are dislocated and' disturbed, having the larger 
excavations filled with the brown sandy clay, &c, and the smaller ones 
with rubbly oolite and patches of drift ; about the centre the beds are 
tolerably uniform in position and continue with a gradual inclination to 
the southern end (fig. 9), where they are covered by a thick mass of the 
northern drift, the inclination appearing greater than it really is, from the 
rise of the railway line to the same point." 

" A slight fault is visible at the northern end, bringing down the shelly 
beds. Thp average thickness of the section, is about 30 feet, and about 
the middle of the cutting it exhibits, in descending order — 

feet- 
Bubbly oolite ------ 5 

Eight to ten, beds of shelly oolite, in some parts soft oolite 
and very fossiliferous, with five zones of TerebraMa 
and Lima in various stages of growth, with intervening 
shaly beds - - - - ' - - - 15 

A soft marl containing oysters in abundance at the north 
end, dividing and becoming thinner and finely laminated 
southwards, varying from - - - - 0^ to 1 

Marly rock, with corals, Nerinaea, Turbo ; irregular - 2 

Coarse shelly oolites and freestones - - - 15 

38 
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" The freestones are not continuous, and with the associated shelly rags 
and overlying marl are lost beneath the level of the line toward the south 
end, near to the point above where the mass of drift first appears, the 
intermediate space being occupied with the shelly beds and. zones of 
TerebratulcB. Between the oolite, and partly separating it from the drift, 
is a ferruginous band and about 7 feet of sandy clay and shale, the 
remnants merely of a thicker series of strata herein-after described " [i.e., 
the Upper Estuarine Series] . 

The strata have here a strong dip to the south, and the succession above 
described is represented in fig. 9, which is enlarged from the figure given 
by Prof. Morris. 

Fig. 9. 
Section at the South end of the Great Ponton Cutting. 

Scales, horizontal, 6 inches to a mile ; vertical, one inch to 100 feet. 

a freestones and Marl. b Shelly beds. c Ferruginous band and 

overlying Clays. d Boulder Clays. *•, x, Level of rails. 

The fossils found in the shelly beds exposed in this catting are included 
in the lists given in the Appendix, p. 131. 

The next section is that in the cutting south of Burton Ooggles and the 
beds exposed belong to the Upper Estuarine Series and the overlying 
Great Oolite. After describing this, Professor Morris thus continues :— 
" The oolite [i.e., Lincolnshire Limestone], occurs in the valley between 
this point and the section at Corby Eoad, where it forms, for 7 feet the 
lower part of the. cutting ; it consists of shelly oolite and freestone with 
false bedding, the inclination being 30° N. The oolite is covered, as is 
generally the case throughout the district where the upper clays extend, 
with a ferruginous band, 1 foot thick (including) occasional patches' of 
selenite and websteritep The clays and oolite continue through the 
next , cutting, but the beds are less regular, the clays indenting the 
oolite, which is very rubbly where exposed, but at the base is fine- 
grained and occasionally shelly ; the principal joints are TS.W. and S.E," 

" The Swayfield cutting presents a similar section to those just described 
consisting of dark green and- brown clays overlying the oolite and the 
intervening ferruginous band. The oolite is shelly in places, contains 
marly concretions or pebbles, and is sometimes pinkish and fine-grained 
at others coarsely pisolitic and bluish in the centre of the mass." ' 

Passing northward again the Inferior Oolite is seen in a pit about half a 
mile south-east of Oorby by the side o'f the road to G-rimsthorpe. The 
stone is a regularly-bedded limestone of the oolitic character usual in this 
district ; about 12 feet are exposed with a synclinal dip, having apparently 
a,n east and west axis ;. the dip to the north is 3J°, that to the south is 4° 

It emerges from under the great synclinal near Kopsley,- and there are 
quarries about three-quarters of a mile S.E. of that village, wherp t.hn 
beds dip at 4° or 5° to the S.S.E. 8 ' e tile 

At the S.W. corner of Ropsley Base Wood the Inferior Oolite is dus 
for road metal. The pit is about 10 or 12 feet deep, and appears to be 
very nearly at the top of the limestone, for the stone is a false-beddpd 
rotten oolite locally called the " Crash Bed." (W. H. H.) 

Near Dembleby there are several quarries ; in one at the cross mart* 
half-a-mile S.S.E. of Church Mr. Holloway found the following section : 
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ft. in. 

Soil 10 

Whitish clay (Upper Estuarine) - - . . - 4 

Sandy bed, more or less clayey, coloured brown by hydrated 
per-oxide of iron, and passing in places into a cellular 
ironstone (Junction Bed) - . . - - 1 

("Soft coarsely oolitic rubbly stone, stained with 
| I peroxide of iron - ' - 

§ m Soft white oolite ..... 

| | J Hard subcrystalline shelly oolite, in two courses 
p o | Course of soft oolite ..... 
Very coarse shelly oolite, large grained 
White limestone, consisting of an argillaceous 
matrix full of fine oolite grains ... 
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Some of the beds, like those at Ancaster, become variegated with pink 
and other colours. There also occur nodular masses made up of oolitic 
grains like those at Little Bytham. 

The following . observations relate to another quarry three furlongs 
SJE. of Dembleby Heath Farm, and are also taken from Mr. Holloway's 
notebook. 

" In this pit the clays are not seen, and the upper beds are apparently 
the same as those seen in the pit to the eastward. Underneath these occur 
variable beds of considerable thickness of false-bedded oolitic limestone, 
sometimes white and sometimes pink and variegated. At the bottom are 
several courses of fine white oolitic freestone, which is sawn into sills, &c. 
The other beds are used for walling stone, and are also burnt for lime." 

" In some of the stone at this place there occur irregular nodules filled 
with fine oolitic grains as at Little Bytham ; in other places there are 
round grains from the size of a pea to that of a musket-ball made up of 
concentric coats round a central nucleus somewhat resembling those of the 
''Pea Grit," but not flattened ; these weather out and. cover the surface of 
some of the blocks. 

" At the lowest part of this pit a well was sunk for a depth of 23 yards, 
entirely through rock without reaching the clay below ; the stone passed 
through was described as " hard blue rock " and " ironstone." No springs 
were found." 

"At Marting's Quarry, close to Dembleby Heath Farm, a greater 
thickness of freestone is dug than at the last pit ; it lies in thin courses, 
and is about 10 feet thick. It is overlaid by rubbly false-bedded oolite, and 
underlaid by white marly limestone crowded with Nerincea, and containing 
also.Pecfera demissus and Lima pecimifornus. The lower courses are hard 
and blue hearted." 

To the M".E. of Dembleby Heath Farm is a pit showing what are 
probably the top beds of the Inferior Oolite, they are pinkish and contain 
a thin greenish marly band. 

The following section was Observed by Mr. Holloway, in a stone pit in 
Syston Park, near the North Lodge : — 

ft. in. 
Soil and rubble - - - - - - 3 

Course of rubbly and coarsely oolitic limestone - - 1 6 

Hard compact white limestone, with few oolitic grains, 
much jointed, and breaking with slightly conchoidal 
fracture - - - - - - - 2 

Hard sub-crystalline oolitic limestone - - - 2 

Hard yellow sandy limestone, slightly micaceous, with very 
few oolitic grains, and showing ferruginous bandings in 
all directions .... Seen for 2 

10 6 
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Another pit in " Hundred Acres," at eastern part of the park, shows 
stone of the usual .characters, some of the lower courses exhibiting false- 
bedding, about 20 feet shown, dipping 1° 10" to 20 N. of E. 

The section in the railway-cutting west of Ancaster Station, taken by 
Mr. Holloway, about the middle of tbe cutting, in the year 1874, was as 
follows : — 

ft. in. 

Soil , Jtol 

"Coarse rubbly oolite limestone - - - -46 

Layer of shelly oolitic limestone . - - - 1 

Marly ferruginous band,, with thin lines of stone - 9 

Yellowish marl passing down into darker yellow, pur- 
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§ 3 •( plish, and blue marl, with fragments of oysters " - 1 3 

S o Coarse of shelly oolitic limestone - - - 4 6 

5 Hard yellow stone with a few oolitic grains and shells 2 

'"' Hardy sandy brown stone passing down into softer 

(_ pale yelldwish stone - - - - 1 

Lower Estuarine Series (see p. 51) - - Seen for 12 7 



28 7 
The limestone is quarried on the north side of the line. ™ 

There is nothing here which can be" considered the representative of the 
Collyweston Beds, unless it is the single course of brown sandy stone at 
the base. 

A section through part of this cutting has been already given (p. 51), 
and shows that the structure of the ground here is that of a. low anticlinal 
flexure much broken by faults. , It is rare thus to find a hill corresponding 
with an anticlinal, for the reverse is usually the case ; yet another instance 
of the same phenomenon occurs in the next cutting to the east, commencing 
about five furlongs E. of the station. 

This second anticlinal is more pronounced and less broken by faults ; 
at the west end the dip is to the W.N.W., and at the east end about 5 a to 
the E.S.E., the beds in the centre slightly undulating. A section taken 
near the centre gave the following succession (ascending order) : — 

feet. 
Beds of close-grained oolite from one to two feet thick, 
pinkish in places - • .. ... . -10 

Compact marly limestone, weathering into rough lumps - 2 
Fine grained oolites and compact marly limestones in even 
beds with marly partings - - - - - 22 

Rubble of limestone fragments and oolitic grains - - 5 

39 



These limestones are intersected by some remarkable troughs or swallow 
holes filled with sand,-loam and clay, which will be described in a future 
chapter (p. 88). 

South of Ancaster, at the place marked Wilsford Quarry on the 
map, there are two large quarries communicating with one another, the 
western belonging to Mr. Lindley, and the eastern to Mr. Beck. It 
was probably one of these quarries which was visited by the Rev. P. B. 
Brodie in 1850, and of which he has given the following section : — 

ft. ins. 
5. Blue Clay, with a thin band of dingy white marl near 

the top [Upper Estuarine Series] - - . 12 

4. White ragstone, coarse, shelly, hard oolite - - 5 

3. Oolitic Freestone, soft and sandy, variously coloured, 
yellow, pink, and white. Yields very large blocks 
and forms the famous building stone - - - 17 6 

2. Hard shelly oolite, generally of a blue colour - - 16 

1. Soft white stone below - - - - - — 

50 
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He mentions another quarry near by, in which the bine clay (No. 5) is 
20 feet thick, and rests upon a hard blue stone containing many sheila 
(Aviculce, &c.) and broken fragments of carbonised plants. At its base there 
is. a soft yellow sandy band also full of similar vegetable remains ; and the 
total, thickness of the two beds does not exceed 2 feet. He described the 
white rag, equivalent to No. 4> in ,the previous section, as only 1ft. 3in. thick 
and reposing as before on the fiteastone. I suspect, however, that the blue 
stone beneath ithe!clay was inreality apart of this ragstone, which; having 
been more protected from oxidising influence, had retained its natural 
colour* , ...I oJL-i '. _■ ' 

In 1883 I had an opportunity of visiting Mr. Lindley's quarries, 
whence a large quantity of good building stone is raised every year (see 
Chapter XIII). The bearing of shaly clay varies from 10 to 20 feet with 
the slope of the ground and the limestone quarried below consists of the 
following beds : — 

feet. 
Ragstone, a coarse shelly oolite - - - - 5 to 10 

-Ereestone, a fine-grained oolite - - - - 10 ,, 18 

JRagstone, less coarse than- the first - -. . ,: - 0§ ,, 2 

-Ereestone, a fine-grained sijty oolite - - , - 1J ,, 2 

Very hard white rock below. ■ i > . 

The upper ragstone thickens westward and the underlying freestone 
thins in that direction, the, one replacing the other. The ragstone is 
irregularly bedded and obliquely laminated, and being also broken, by 
frequent joints, it comes away in large angular blockd'of variable shape. 
Mariy of these blocks are, blue-hearted, that is to say they contain a core of 
unaltered bluish-grey limestone, and it is noticeable "that the shape of this 
coregenerally has a definite relation to the bounding surfaces of the block. 
It is'clear that water, percolating along the joints and bedding planes, 
has exerted its usual chemical'iufluence; and that the present aspect of 
the rock is very different from that which it originally possessed . 

The freestone below is evenly bedded and of a pale yellowish white tint 
throughout, its complete alteration ..having been effected by the inward 
and downward percolation of surface waters, to the action of which it 
wouldnaturally.be more exposed than the upper beds immediately under 
the clays would.be. 

The lowest bed of freestone now, worked is a peculiarly fine-grained 
white oqlite, and at its base there is always a marked line of division 
separating it from the massive rock below ; with open spaces or hollows 
which are generally filled with clay, but are sometimes empty. Mr. Lindley 
informed me that in these spaces the. palatal teeth of Sirophodus are com- 
mon and he had also found the vertebra of a Phsiosawrua ; both it and the 
teeth are rolled phosphatised bones resembling those from the Neocomian 
beds of Potton, only of a darker brown colour. Occasionally Strophodus 
teeth are found imbedded in the base of the freestone, so that there seems 
no doubt of their being in situ, and that they have not been washed down 
with the clay through the joints. 

The freestone beds, together with the thin course of ragstone which they 
include,; are all traversed by one and the same system of joint planes, and 
these appear to end downwards at the horizontal plane of division above- 
mentioned. The rock below this is described as being so hard and massive, 
and apparently without divisional planes of any kind, that it could only 
be worked by the aid of blasting powder.* 

There are other quarries aboiut, a mile to the south in which a similar 
section is exposed. ' , 

Half a inile S. of Ancaster, where the road branches off to Syston Park, 
is another, quarry displaying beds of oolite, which by their oblique lami- 
nation and rapid variation of thickness, testify to the existence of strong 
currents during the time of their formation. The laminae appear to dip 
to the N.N.E. at angles varying from 5° to 10°. 

* For analysis and other particulars respecting the Ancaster Limestone, see 
Chapter XIII. 
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The oolite is also quarried at the Greylees pits west of Sleaford, about 
-half a mile N.B. of Ranceby station. 

■Mr. Holloway also mentioned a pit on the east side of the road from 
Broadwater to South Rauceby, which exposed a section of the Inferior 
Oolite to a depth of 20 feet. " The stone is generally soft and very oolitic 
and shows much false bedding; there are some bands of hard compact 
stone breaking with a semiconchoidal fracture ; these occur chiefly 
about 12 feet, from the top of the pit, and masses of coral occur near 
the bottom." 

In a quarry on Caythorpe Heath, 1 mile E. of the railway station, the 
following section was observed by Mr. Penning : — 
. feet. 

Rubble ----.-.. 3 



Clayey oolitic sand, with rubble below 

Oolitic limestones 

Fine sandy limestones, not oolitic 

Whitish argillaceous limestones 

Clay parting ' - 

Fine sandy limestones, not oolitic 

Clay parting ... 

Coarse shelly oolitic limestones, shown 



2 
2 
2 

*2i 



The beds dipped east at 2°. 

The following sections are also from Mr. Penning's note-book. Quarry 
by" roadside, £ mile N. of Byard's Leap : — 



Rubble .... 
Oolitic limestones, much broken up 
Rather fine-grained, do. bedded 
1 Thin band of coarse oolitic sand 
Oolitic limestones, bedded, shown 

Beds horizontal. 

Quarry just S. of Cranwell Lodge : — 



feet. 
3 
5 
2 



feet. 

4 ' 

2 -«r, 
If 



Rubble ....... 

Coarse-grained oolitic limestone ... 

Rather coarse brownish do. in two beds 
Finer, creamy -looking oolitic limestone 

Dip nearly JS". 3°. 

Quarry just west of Ashby Lodge : notes taken in centre of north face oi 
quarry. 

feet. 
Rubble . - - - - - . . .5 

Oolitic limestone, with many shells - - - -2 

Coarse ditto,which weathers pisolitic and shows thus weathered, 
planes of false bedding dipping E. 8°. (This pisolitic lime- 
stone thins out to the east and west) - ' - . -5 

Rather coarse brownish do. (which thickens W. to replace the 

bed above) - - - .. . -14 

Do., do., white, argillaceous do. - - . .3 

These false-bedded limestones indicate the setting in of shore conditions, 
and the Upper Estuarine beds are found not far to the east. 

A quarry near the cross-roads at Thompson's Bottom, west of Ashby, 
exposed about 10 feet of rather coarse white, argillaceous limestones, much 
broken. 

Another, about a mile N.N.W. of Ashby Lodge and two miles eaBt of 
Wellingore shows the following beds dipping E. by 8. 2°- 



Oolite limestones, thin bedded - 
Thick bed of compact creamy limestone 



feet. 
-. 12 
- 3 
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CHAPTER VIII. 
The Great Oolite Series 

• 

General Description. — Throughout the district comprised in 
this and the contiguous Maps of the Geological Survey, the Great 
Oolite is represented by a series of fairly uniform beds. These 
beds are naturally separated into four groups, each of which has- 
received a separate colour on the map. The names and general 
relations of these rock-groups have already been given on p. 5,. 
but we now repeat their names in the order of their superposition^ 
viz. : — 

"4. The Cornbrash. 
3. The Great Oolite Clays. 
The Great Oolite Limestone. 
The Upper Estuarine Series. 

The Upper Estuarine Series consists of white, blue, green, and 
variegated clays, with irregular beds of limestone, layers of fibrous 
carbonate of lime known as " beef" or " bacon," seams of lignite,, 
and occasional courses of sandy stone. The lower beds usually 
consist of white clays and sands, at the base of which there is- 
usually found a thin band of brown ferruginous clay passing 
sometimes into a nodular ironstone. This basement bed has been 
denominated the " Junction-band," by Prof. Judd ; who holds 
that the manner of its occurrence affords decided evidence of a 
break, with slight unconformity, between it and the Lincolnshire 
Limestone upon which it rests.* The sandy clays and marls above 
sometimes contain layers of shells, which are sometimes of marine 
genera, and at other times are freshwater-or estuarine forms such 
as Cyrena and Unio. All these facts lead to the natural con- 
clusion that the whole series was accumulated under an alternation 
of marine and freshwater conditions such as prevails in the 
estuarv of a large river. The average thickness of the series is~ 
from 20 to 30 feet. 



4i 



The Great Oolite Limestone. — This division consists of alternate 
beds of white limestone and marly clay, with seams made up of 
the shells of small oysters (O. Sowerbyi, and 0. subruguhsa). The 
limestones are sometimes shelly, but more usually soft, white, and 
marly; they seldom exhibit any oolitic grains, and thus differ from' 
the limestones of the inferior oolite, which are almost invariably 
oolitic. When protected by any considerable thickness of clay the 
beds are always blue and hard. There is a complete passage 
downwards into the Estuarine Series, and upwards into the Great 

* Is • not this ironstone a result of alteration by atmospheric agency, produced 
by the percolation of oxygenated water decomposing the iron pyrites of the Upper 
Estuarine Beds and conveying the ferrous sulphate down to the limestone, there to 
form selenite, carbonate, and peroxide of iron ? Selenite generally occurs with the 
ironstone. There is sufficient independent evidence of unconformity, and this band, 
is no proof of such — W.H.D. 

E 2 
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Oolite Clays. In this Sheet the limestone series is not more than 
20 feet thick. 

Where not concealed by Boulder Clay, the Great Oolite lime- 
stone is seen to cap the. slopes and, spurs of the Upper Estuarine 
clays, forming hills of, a tabular outline which give a distinct 
character to the scenery of the district. 

The more compact limestones are sometimes locally used for a 
building stone, and the marly limestones' sire frequently burnt into 
lime, for which use they are well qualified; 

The soils of these beds are of high value to the farmer, in 
consequence of the, admixture of argillaceous and calcareous matter 
which they contain ; being heavier than that oF the Lincolnshire 
limestone ; they are more favourable in seasons of drought. 

The Great Oolite Clays. — Overlying the beds just described 
occur beds of variegated clays — blue, gre'en,' yellow, and purple; 
often containing bands of calcareous or ferruginous concretions. 
Fossils are not common in this part of the series, but sometimes 
thin shelly seams are found made up of a small oyster-like shell 
(Placiindpsis socialis, Mor. & Lye.). 

These, clays seldom form a band of any great width, but usually 
give rise to a steep slope between the two plateaux of the Great 
Oolite and Cornbrash Limestones. They are not of any great 
economic importance, though they are sometimes employed for 
brick-making. The ferruginous bands yield an ironstone which 
lias been raised in former times at several localities for thepurpose 
of smelting, but is not now worked. The thickness of these clays 
is very variable, changing from 6 to .40 feet. 

The Cornbrash is the highest member of the Lower Oolites, and- 
though in this district it never exceeds a thickness of 15 feet, it 
presents more constant characters than any beds of the underlying 
Great Oolite Series. The rock of the Cornbrash when raised from 
under a, covering of clay is always of a blue colour and exceedingly 
hard, so that it can only be quarried by blasting. Where it 
reaches the surface, and has been exposed to the influence of 
•atmospheric water, it assumes a light brown. colour and breaks up 
into small flat slabs, each of which is usually coated with a stalag- 
mitic deposit. From this, cause a weathered, face of the rock bears 
much resemblance to a wall or field-dyke composed <>f loose flat 
stones. -, The softer beds which are thus disintegrated by the 
weather are locally termed kale or Italy beds. 

The Cornbrash is very f ossiliferous, and though some of the species 
(especially those of the Myadse) are common to it and the Gi'eat 
Oolite below, yet other forms by their abundance in the Cornbrash 
serve -to -characterise thi* division j such are- -Edvbnxrbrissus ciuni- 
cularis, E, orbicularis, Holectypns depressus ; Waldheimia oboiidta 
and W. lagenalis .• Atiicula, echinata and Ge+villia echinoides. 
Ammonites mawocephalus is also abundant in and characteristic of 
the Cornbrash, while in the Great Oolite limestone Cephalopoda of 
any kind are exceedingly rare. At the top of the Cornbrash and 
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at its junction with the Oxford Clay, there is frequently found an 
oyster-bed composed entirely of the large Ostreaflabelhides, Sow. 

The Cornbrash is everywhere quarried and used as a material 
for mending the roads, for. which its exceeding hardness well fits 
it. It is sometimes used in constructing rough walls, but does 
not form a good building stone. 

Being very ferruginous it produces a red soil, which has a great 
reputation in the south-west of England; but is not so highly 
thought of in Lincolnshire. 



The Great Oolite Series enters our Sheet on the west side of 
Grimsthorpe Park and strikes northward through the centre of 
the Map ; in the "southern part of the district the boundaries of the 
several divisions are extremely irregular, .running out westward 
into promontories with many associated outliers, and retiring, east- 
ward, along the sides of valleys that drain in that direction. North 
of Sleaford, however, the boundary lines are less irregular and the 
outcrops of whole group, from the base of the Upper Estuarines to 
the top of the Cornbrash, are' exposed along a tract of ground 
which has an average width of about two miles. 

It will also be noticed that the outcrops of the two sets of clays 
seldom occupy any great space of .ground, but generally form 
narrow bands or tracts below the much wider areas occupied by 
the two groups of limestone. Further, there are few outiiers of 
either clay. which. are nq_t capped by smaller outliers of the lime- 
stone which ovsrlies it. It will be convenient therefore , for des- 
criptive purposes if we treat the whole series as- formed of two 
groups, viz". A, including the two lower members, and B, including; 
the two upper members. It must be understood that we do not 
thereby intend to, suggest that the Great Oolite clays are more 
closely connected with the Cornbrash than with the Great Oolite- 
limestone, but only that such a mode of grouping enables us to 
arrange the descriptions of the exposures observed in the district, 
more clearly and consecutively. 

Description of Sections. 

A. Upper Estuarine Series and Great Oolite Limestone. 

Main Outcrop. — The following notes on. exposures, of these strata in the- 
area surveyed by the late Mr. Holloway have been extracted from his note- 
books. . . . . 

The junction of the Upper Estuarine Series with the Inferior Oolite is 
visible in the Val de Dieu in Grimsthorpe Park behind the ruins of the 
old Abbey ; the section is much, obscured by .talus, and therefore the 
thicknesses.given below are only approximate; the total depth is 40 feet. 

feet. 
"Stiff yellowish-brown clay, with a few seams of oysters - 4 
I Marly oyster-beds - - - - - 3 

I Beds of shelly limestone separated by clayey partingB, the 
lower courses very compact - - - 6 to 10 

Tea-green and purplish clays, with carbonaceous bands, and 
white clays with dark seams, about . -> - - 10 

Inferior Oolite limestone - '•»'"'■- - - 13 

40 
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A small pit at the south end of the reservoir north of Grimsthorpe Park 
exposes a bed of white Shelly limestone of the usual characters, containing 
Ostrea subrugvhsa in abundance, also Trigonia costata and T. Mortoni and 
other shells characteristic of the Great Oolite. 

The underlying clay is light-coloured in its upper portion and contains 
oyster bands, but is dark blue below. 

At the bend in Grimsthorpe Park fence south of the water-engine the 
Great Oolite is 3een in the fields, masses of IsastrcBa being abundant. 

A stone pit about half a mile north-east of Ingoldsby exposed the 
following section of the Great Oolites. 



Soil 

Marl ........ 

Thin shelly rock full of oysters, (0. Sowerbyi and 0. subru- 

gulosa) ....... 

White marly clay with oysters . - 

■Stiff dark bluish and greenish clay, with occasional marly 

bands - - ... 

Course of white marly limestone dug for road metal 



ft. in. 



6 4, 



Between Walcot and Pickworth, as at Newton, the Great Oolite lime- 
atone is somewhat ferruginous in places, and thus to some extent 
resembles the Cornbrash. The following section was seen by Mr. Holloway 
in a stone-pit at Pickworth : — 

Soil and Boulder clay ..... 

Marly oyster-bed, full of 0. Sowerbyi and 0. subritguhsa - 
Marly parting ...... 

Band of rotten limestone, full of the same Ostrece - 

Marly oyster-bed, full of the same Ostrece 

Marly parting, ferruginous in places ... 

Oyster-bed - - ... 

Marly parting - - - 

Course of argillaceous limestone .... 

Hard blue-hearted limestone, containing oolitic grains, but 
principally made up of comminuted shells, seen for ■ - 3 



12 



The Upper Estuarine bedB in the cutting near Rauceby station 
measured oy Mr. Dalton in 1882, and gave the following section : — 

ft. ii 
White shelly marl 
Blue clay 
Shelly marl - 
Dark olive-purple clay 
'Green-grey clay 
Lavender-grey clay - 
Yellow sand - 
Lavender-grey clay - 
' Whitish sand - 



The only fossils in these beds appear to be Ostrea. 

The upper part of this series is also seen in the next cutting, half a mile 
-west of Sleaford under the Great Oolite Limestone. 

In the Haydor quarries, and in that marked Wilsford Quarry on the 
map (Mr. Lindley's stone quarry) the .Upper Estuarine Clays overlie the 
Lincolnshire Oolite. In Mr. Lindley's quarry the following bedi were 
measured (1883) :— 
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Clayey soil - 

Grey , purple, and greenish, shales 

Compact purple marly limestone 

in two layers 



feet. 
2 
6 

1 
1 
4 



■N 



i i 



•4- 



o 



& 8 "\ Purple shales 
S I Purple elay (dicey) 
" Grey shale with ferruginous 
(_ nodules - , - - - 3 

Lincolnshire Limestone (see p. ). 
The marly limestones fell out in blocks of a 
roughly hexagonal shape, as if they were broken 
up by a system of joints similar to the cracks 
formed by.the contraction of drying mud. 

OutKers. — In the large outlier of Great Oolite 
lying about 9 miles S.S.E. of Grantham, the 
Great Northern Railway forms four cuttings 
through as many protruding spurs. These were 
studied, when freshly cut, by Prof. Morris, whose 
description* we quote, beginning with that 
which he terms the Counthorpe Cutting (Pig. 10), 
a mile northward of the house of that name. 



£ 



Great Oolite 
Limestone. 



a 
13 



Upper 
Estuarine 



a 



Mottled clay with bands 

of oysters 
Dark bituminous clay - 
Compact, sandy, and 
occasionallysoft shelly 
rock, with vertical 
remains of plants, the 
shells are not nume- 
rous, comprising the 
genera Natica, Modi' 
ola, Trigoma- 
"Stratifled dark green 
and brown shelly clays 
Stratified dark clays 
with layers of shells, 
not broken, and indi- 
cating the beds to 
have been deposited 
under quiet condi- 
tions : the shells are 
Avicula, Cytherea, 
<{ , Pecten, Lima, Osi/rea, 
Terebratula, Limgula, 
and probably Cyrena 
Mottled and dark clays 
Bituminous band 
Stiff brown and greyish 
clays; no shells; nume- 
rous vertical plant - 
markings 
White and yellow clays 
Ferruginous band 



feet. 

3 
1 



4 
6 
0* 



* Quart. Journ. Geo!. Soc, vol. ix., pp. 328-330. 
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("Oolite, fine-grained and pinkish, the blocks 
Lincolnshire | occasionally with blue centres ; some of 
Limestone. -i the beds coarser and containing small- 
shells, as OerWhvum, and Nerincea from - 12 

to 13 

In the next three cuttings to the north, at Swayfield, Swayfield Lodge, 
and S. of Corby Station, about 15 feet of dark and greyish, clays are 
separated from the subjacent Oolite by a ferruginous band a foot thick 
with Selenite and Websterite. 

In the outlier to the north of Corby Station the cutting gave Prof. 
Morris the following section : — 

feet. 
Great f Soft brown marly rock, with two intercalated 
Oolite < layers of oysters ; the rock also contains Perna 
Limestone. L quaarata, Modiola, Lima, Serjmla, &c. - 6 

"Bituminous clays with marine ? shells - 1| 

' In this bed was found a large stem of a tree. 
Upper Grey clay, with nodules of limestone, and with 
Estuarine < vertical stems or roots of plants proceeding 
Series. , from the upper bed 

Green and white clays - - -2 

^Slaty rock, shelly, containing Ostrea and Gyrena 

A very interesting outlier of the Great Oolite occurs near Skellington, 
about 7 miles south of Grantham. This is broken^into three sections' by a 
branching fault. , The northern block is almost detached, and is an 
outlier of Upper Estuarine Beds capped with Great Oolite. The central 
block, being faulted down between the two others, exhibits the outcrops of 
a continuous series from the base of the Upper Estuarine to the top of the 
Cornbrash, with a minute outlier of the Kellaways Beds on the summit of 
that. The southern block comprises the three lower divisions of the 
Great Oolite series. 

Other outliers occur near Ropsley and Wilsford. 



B. — Great Oolite Clays and Cornbrash. 

Main Mass. — Mr. Holloway found the following section of Cornbrash in 
a pit at Edenham': 

Soil - - - 

Blue- and purplish clay with inconstant beds of Band 
and sandy clays (Kellaways Beds) ... 
Brown sandy clay with Ostrea flabelloides . - 
Bed of thin flaggy sandy limestone with Ostrea fldbel- 
, loides, 0. Sowerbyi, Serpulce, &c."' ... 
§?M Variegated blue and brown sandy clay, full of Ostrea 
o I or other fossils - - - 

^ ^Compact limestone ... dug for 



so * . 

a s 



ft. 


in. 


1 


6 


3 


6 





6 





8 


1 





5 





12 


2 



The subjoined section is exposed in a stone pit on the south side of the 
road from Osgodby to Keisby (noted by Mr. Holloway). 

feet. 
Brown sandy clay with sandstone boulders and pebbles, 

very irregular (Drift) - - - - up to 2 

Stiff blue clay (= Kellaways Beds?) - - about li 

jBed of rough marly stone. 
Cornbrasik < -' 01 ? Tse °f hard blue-hearted ferruginous 

\ limestone .... 2 

L_Kaly rock below. 
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* 
It is stated in Darwin's Phytologia that the Sleaford Cornbrash contains 
magnesia. The rock is exposed in the station yard at Sleaford, and is 
intersected by the loop line of railway, half a mile N.N.W. of the town ; a 
good section is also given by the brook below .Holdingham. It has been 
dug by the side of the railway north of Digby. 

The Great Oolite clays crop out frombehw the Cornbrash in the station- 
yard at Sleaford, and also on the loopline of the joint railway (G.E. and 
G.N.R.) about half a mile north of the town. (W. H. D.) 

The following section in a brickyard at Little" Humby is taken from 
Mr. Holloway's note-book : — , , , 

ft. in. 
Soil very thin. 

Light-coloured grey and greenish clays - - -36" 

Thin band of black carbonaceous clay full of plant 
remains - - - - - - -03 

Whitish sandy micaceous clay, becoming slightly pur- 
plish at "the bottom, and having an' ochreous band, in 
fhe middle - - - - - -16 

Dark purplish clay, with thin'dark ochreous bands and 
lines - - - - '."-09 

Light purplish clays, with several bands of ochre of a 

pale colour from i to 1 inch in thickness - - 5 6 



11 6 



In another hole in the brickyard the last bed appears to be a few feet 
thicker, and at about 4 feet below this the rock is said to have been 
reached, and could be touched by a crowbar thrust through the mud. 
This is probably the Great Oolite Limestone. 

For a section through the clays below the Cornbrash' at Great Humby 
(see Append!?: of Well sections, No. 30, p. 147). , No notes on the tracts of 
Cornbrash lying to the northward have come into my hands. 

Outliers. — West of the brook which descends the valley above Edenhain 
there are three large outliers of Cornbrash capped by the Kellaways Beds, 
besides several smaller patches that are not so covered. The outcrop of 
the Cornbrash round these outliers is, however, concealed in many places 
by Boulder Clay. 

Mr. Holloway states that "A pit on the north side of the road from 
Grimsthorpe to Elsthorpe shows ■ Cornbrash Limestone of the usual 
character dug, for road-metal for a depth of 7 feet, but a deep drain 
made from, the pit to the river exposed 3 feet more of compact hard 
limestone in courses, and the clays of the Great Oolite are exposed to a 
depth of from 3 to 4 feet on the slope towards the river." 

He also noted the following section in a pit near the cross-roads one 
mile N.N.E. of Swinestead. 

ft. in. 
Soil and rubbly limestone - - - - 1 6 

Hard compact ferruginous limestone somewhat blue- 
hearted (Cornbrash) - - - - - 7 6 

In some parts of the section exposed ^here the blue clays and yellow 
ferruginous sands of the Kellaways are seen to be let down into pockets 
in the limestone. 

The small outlier at Skellington has already been mentioned, (p. 66). 
Another occurs near Dembleby ; ancLa group of Cornbrash outliers resting 
on a plateau. of Oolite clay may be seen near Cranwell, N,W. of 
Sleaford. 

Inliers. — Between Bourn and Sleaford no less than six inlying patches of 
Cornbrash occur within the boundary of the Oxford Clay where the latter 
has been cut through by streams, which in four cases have even penetrated 
to the Great Oolite Clays beneath, vizi, at Eippingale, Aslackby, Laughton, 
and Threckingham. * 

The Bourn Pits are really situated in Sheet 64 and on the main outcrop 
of the Cornbrash, but are most conveniently described in this connection. 
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"The old town pit of Bourn, about six furlongs west of the church, exposed 
the following sequence of beds : — 

ft. in. ' 
Soil, sandy below - - - - - -16 

Ferruginous gravel in patches - - - to 6 

Stiff blue clay with chalky fragments - - - 6 

Oornbrash, in which Terebratula Bentleyi is not un- 
common - - - - -5P0 

At the new town pii, a ^little west of the old town pit, the following 
section was observed in 1870 by Mr. Skertchly. 

ft. in. 
■p. f Peaty clay of variable thickness. 

JJKIFT \ Dirty gravel - - - 

C0KNBBASH< 



'Kaly" oyster-bed - - - 9 

Course of " brown " rock - - - 1 6 

.Blue clayey "kale" - - -10 

Course of hard blue stone - - -20 
"Kale." 



The ordinary Cornbrash fossils were obtained here, see list in Appendix, 
p. 137. 

In a stone pit just inside sheet 70, north of Bourn Drove (about half a 
nyle from the town of Bourn) the following section was observed by 
' Mr. Dalton in 1882. 

feet. 
Cravel - - - - - - - up to 4 

Oxford Clay 2 

Cornbrash .......4 

The first of the inliers above mentioned is that which runs from Dyke 
round by Hanthorpe and Morton: In a pit two furlongs east of Dyke Mr. 
Skertchly noted the following section : — 

feet. 

Soil - li 

Sandy clay with rubbly limestone - - - 4 s 

Limestone, "kaly" ------ 1J 

The town pit at Dyke shows sandy clay (Kellaway) with hard compact 
ferruginous limestone below, the lower beds containing numerous speci- 
mens of Ammonites macroeephahis. 

In a pit one furlong east of Cawthorpe the rock is dug to a depth of 
6 feet. Mr. Skertchly states that the' stone is of the usual character and 
there is no Kellaways on the top. 
The ditch by the high-road hereabouts shows Cornbrash at intervals. 
At the Hanthorpe Pit the section seen by Mr. Holloway in 1874 was as 
follows : — 

ft. in. 

Soil 19 

Cravel with admixture of soil and a bed of brown sandy 

clay at the bottom - - '- - - 2 

fThin flaggy sandy limestone, with Ostrea 

flahelloides, Lima punctata, and Myacites 

seauriformis .... 

Cobkbkash<( Brown clay with Ostrea flahelloides - 

Coarser flaggy rock ... 

Variegated blue and brown clay - 

Blue limestone - - dug for 

It was at Hanthorpe that the original specimen of Terebratula Bentleyi 
Mor. was found (Judd in Memoir on Kutland). 

A pit just north of Haconby Church exposed the following section 
at the time of Mr. Holloway's visit (1874) : — . 






6 





8 





8 


1 





2 






GREAT OOLITE SERIES. 69 

c .. ft. ill. 

fcoil 6 

Sandy Clay with, pebbles - - - - - 1 8 * 

rBlue clay with ferruginous markings - - 2 3 

Kellaways J Laminated blue and brown clay - - 1 1 

Beds. j Blue clay with yellow markings - - 8 

(.Blue clay - - . . - 1 2 

I" Blue sandyclay with Osfrea flabelloides - ?6 

Ooenbkash^ Compact hard blue limestone in courses vary- 

I ing from 1£ to 2£ feet - - dug to 8 

15 10 



Beds. 



CORNBRASH, 

5 feet. 



le succession 


ft. 


in. 


- 1 





2 to 3 





0to4 





Jto2 
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3 


- 10 


- 


6 


- 


3 


- 


4 


- 1 





- 2 






The Dunsby parish pit is about six^furlongs east of the Tillage on the 
south side of the road leading from the town. Here the 
observed by Mr. Holloway was as follows : — 

("Soil 

Postglacial -j Sandy alluvium 

I Irregular chalky gravel 
_ f Irregular bed of blue-mottled clay with 

JIellaways J a t ea-green band at the bottom - 
. Layer of ferruginous sand 
"Course of sandy limestone (blue-hearted) 
Sandy marl 1 

J Flaggy limestone t " Bamvmel " 
\ Sandy marl J 

Course of sandy limestone 
l_Very hard compact blue limestone - 
The next two inlying exposures of Cornbrash, viz., those of Rippingale 
and Aslackby, are probably connected together beneath the gravel which 
forms the border of the Fenland. 

No good exposure was seen in the fifth or Laughton inlier, but in the 
Pointon stone pit Mr. Holloway found : — 

feet. 
Soil and wash from Boulder Clay - - - . p 

Kellaway sands and clays - - - - .9 

Cornbrash limestone - - - - - -2 

The Corpbrash here is very poor stone, and is only used for mending 
bye-roads. Its depth was not seen owing to the water in the pit. 

The sixth inlier is that of Horbling and Threckingham, and here, in 
the foundations for an arch under the railway west of Horbling, the 
following section was observed by Mr. Holloway : — 

feet. 
Soil and clay - - - - - - - 24 

Bubble Cornbrash - - - - - - 1 

Brown and blue marly clay with occasional hard oyster bands 3 
Hard blue-hearted rock, dug for - - - . o§ 

The stone pitson the "north side of the high road from Threckingham 
to Newton Gorse exposed the following beds in 1874. 

ft. in. 
Soil and wash from Boulder Clay - - - - 2 

Ferruginous sandy marl - - - - 6 

Compact hard blue-hearted Cornbrash limestone of usual 
character, but coated with carbonate of lime ; fossils 
abundant, especially Ostrea JlabeUoides • - - 2 

The Cornbrash is exposed on either side of the inlying area between 
Folkingham and Oseby, which is, however, really continuous with the 
main outcrop to the west by Walcot. No notes on this tract have come 
into my hands. 
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CHAPTER IX. 

Oxeord Clay. 

As in the district immediately to the south the Oxford Clay here 
seen is capable of subdivision into five zones, and other beds are 
concealed , by the Drift and Fenland beds. The series, in 
descending order, consists of : — 

5. Clays with Ammonites Duncani. Dark blue .clays with 
much pyrites, Ammonites and Gryphma dilatata are abun- 
dant. 
4. Belemnites hastatus Beds. Thick bedded clays 'with small 

Belemnites. 
3. Belemnites Owenii Clays. Dark blue shales with large Belem- 

>nites. 
2. Nucula Clays. Laminated blue shales very fossiliferous. 

1. Kgllo.wa.ys Beds. Sandy clays passing sometimes into stone, 
and crowded with Gryphcea bilobata, Belemnites,' and fossil 
'wood : a little dark blue clay occurs at the base. 

The Kellaways Beds are everywhere >■ traceable along thetract 
east of the Cornbrash outcrops, and occupy a considerable area 
between Bourn and Folkingbam. They also overlie the Corn- 
brash in three large outliers west, of the Edenham valley, mentipned 
previously on p. 67. 

The higher zones of the Oxford Clay are in most places con- 
cealed beneath the Fenland deposits, but can be traced over some 
extent of ground north and south of Sleaford. 

Description of Sections.* 

Maim Outcrop. — In a brickyard north of Bourn the following section was 
noted by Mr. Skertchly in 1878 : — 

feet. 
Soil li 

"Clay becoming sandy below • - - -,,,.,, - li 

I Light, blue and yellow, mottled sand - ,- .,,,,. 2 

' Light-coloured laminated day - ■ - - - ■ . - 24 

Sandy rock (irregular) with Belemnites Owerm, Avicula expanse/, 

and Gryphma bilobata - - - *. ,,. 4, 

^Light blue clay - - - - - , T , 8 

^Cornbrash below. 

About • - - 20 

A brickyard on the N.W. side of Morton village shows black clay 
under 7 pr 8 feet of light coloured Kellaways Sand. 

The Oxford Clay is seen under gravel in ditch es s about half a mile east- 
ward of fiaconby, and in the Cardyke north of Dyke hamlet. 

In a brick pit at Kirkby'tJnderwood, the Kellaways Beds were seen by 
Mr. Holloway : — 

'feet. 
Mottled brown and whitish hlue, sandy beds, the lower part 

becoming more ferruginous - - - - '6. 

Dark blue laminated clays, with disintegrated shells - '-"■' 3 

* The following descriptions are mainly compiled from the notes of Mr. Holloway 

and Mr. Dalton. 
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The hard sand-rook of the Kellaways Beds is seen in the road section a 
quarter of a mile west of Aslaokby on the road to Keisby Wood, and again 
at the Aslaokby cross-roads. Belemnites Owenii, and Gryphceabihbata 
are abundant here, and other fossils were also found. 

The hard beds of the Kellaways are also seen in the road-cutting at 
Lenton, and again in a pit west of Billingborongh, where they are full of 
fossils and underlie white sands. 

In the brickyard a mile N. of Horbling the black-blue laminated Oxford 
Clay with Niiaida, &c, is dug under Boulder Clay. • '■ 
■ In a brickyard at the corner of the lane li mile WJS.W. of Aswarby 
Mr. Holloway found the following exposure. 

feet 

Soil 1 

Soft bluish and yellowish clay (tile clay) - - -4 

Harder clay, somewhat dicey - - - - - 3 

• 'Strong dicey clay, with impressions of fossils - - - 1 

A well at the lodge to Aswarby Hall on the Sleaford road was sunk 
14 feet through sandy and clayey beds of the Kellaways Beds with 
occasional hard bands. The same rocky beds were seen in the bed of the 
stream crossing' the high road half-a-mile east of Swarby ; fragments of 
Belerrmites gracilis and Gryphcea bilobata were here found: ■ • ■■ ' 

These hard beds are also occasionally seen at the bottom of the stream in 
the galley between Quarrington and Silk Willoughby. 

Ii). Burton brickyard, south_of Mareham, 12 feet of clay was seen dug for 
brickmaking, and a hole 5 feet deeper exposed the laminated clay, bottom 
not seen. Markings of Ammonites Jason were visible in the clay. 

By the bridge over the beck on the north side . of Mareham Moat the 
following succession was seen by Mr. Holloway : — 

ft. in. 
Soil, &c. - - 2 

Sandy gravel - ' • . - - - . --09 

Pale greenish and bluish clay containing Gfryphcea dilatata 
and fragments of Belemnites .... 



2 3 



In the valley south of Burton Pedwardine, the clay worked for bricks 
contains large pyritized Ammonites of the Ornati group, Gryphcea dilatata, 

&■&.'■ 

,'The jBeacon Hill cutting shows Oxford Clay under the Boulder Clay 
throughout its length. 

The railway cutting, half-a-mile N. of Sleaford, affords a fine section of 
the Kellaways Beds (1880). 

In the Bwerby brickyard, about three quarters of a mile N.N.W. of the 
village a bluish, brown-mottled slightly bedded clay is worked. Belemnites 
hastabws is apparently the only fossil. The bricks are of light colour, dense, 
compact, and semi-vitrified throughout. The clay is very plastic and 
shrinks less than usual in drying and burning. 

The «lay worked in the brickyard, half-a-mile B.S.E. of BuskingtOn; is 
apale lavender grey and light brown clay, thickly bedded, and containing 
Ammonites, Bostellaria, Nuoula, fyc. 

In another brickyard, half-a-mile to the north, the following section 
w;as seen ih'1880, at the north-west corner. 

■ >:!■" .'■"•■ 'ft. in. 

Blue clay, slightly bedded with a few shells '(Nucah) and 

sandgalls (derived from the drift by infiltration in cracks) 8 
Light yellow clay closely packed with shells - - 1 1 

Laminated blue clay to water's edge - - - 4 

Ammonites. Belemnites (? Owenii) and fossil wood are common. . 

The cutting N. of Buskington Station shows 12 feet of thick-bedded 
clay," very fossiliferous, pale gray when dry, dark blue when wet. 
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In another brickyard, a mile and a naif east of Torrington church, the 
clay is bluer and more finely laminated. It weathers upwards into brown 
loam, with nodules of race, and contains fossiliferous bands with Ammo- 
nites, &c, and layers of small compact crystals of selenite. . On the hill 
S.E. of Digby a temporary exposure (1880), in a field showed finely 
laminated clay with Ammonites, Bekmnites, Avicida, Nuctda, Ostrea, 
Terebratula, &c, and the railway cutting affords Cerithvwm mwicatwm, &c., 
in abundance. 

Stone is seen by the roadside about three furlongs north of Dorrington 
church, and a little further north is a small quarry in a field east of the 
road. This is often full of water, under which is seen some thickness of 
rock capped with brown sandy loam. Grey clay is thrown out from the 
'bottom and the stone is hard bluish-white sandstone, weathering brown. 

The cutting north of Digby station shows a shallow section of Kellaways 
beds. " 

OutUers. — Mr. Holloway found the Kellaways Beds exposed in the Scottle- 
thorpe cutting near Edenham. They consisted of grey and brown beds of 
a sandy and clayey nature, with beds of finely laminated clay and occasional 
beds of laminated sand-rock towards the top. Impressions of Ammonites 
were seen in the laminated clays and fragments ' of. Bekmnites Owenn 
throughout. 

A pit on the west side of the road from Irnham to Swinestead, about 
1£ miles N.N.E. of the latter, exposes the Kellaways Beds. 

feet. 
White and yellowish sands - ' - - - 4 to 6 

Stiff dark-blue clay - - - - 2 to 4 

The upper surface of the clay is very irregular ; the Cornbrash is not 
reached. 

In the Ingoldsby outlier the following section occurs in a clay-pit near 
that village. 

feet. 
Iiight-blue and brown clays .... about 5 

Hard beds ------- about ? 

Blue and brown " dicey " clay - - - - „ 4 

Hard sandy band - - - - - - „ 1 

Whitish and yellow sands, depth not known. 

There is a small but important outlier at Skellington, separated by an 
interval of four miles from the nearest portion (the Bassingthorpe outlier) 
of Oxford clay ; it probably owes its preservation to the faults which have 
let it down almost to the level of the Inferior Oolite. 

Outliers also occur near Bassingthorpe, Scott Willoughby, Culverthorpe, 
and Digby. 

Kimeridge Clay. 

No open sections of the Kimeridge Clay are known to occur 
within our area; its surface is everywhere covered by Drift. But 
just beyond the N.E. corner of the Map there are some sections 
whicli may here be mentioned : 

On the east" side of the road from Revesby (in Sheet 84) to New 
Bolingbrook, and about three-quarters of a mile S. of Eevesby Gate, is an 
old brickyard, the section of which is stated by the owner (Mr. Skelton), 
to have been as follows : — 

ft 
Soil, with a thin layer of sand below >- - - j 

Stony Clay in which there pockets of sandy gravel - - 3 

Stiff blue clay, becoming " dicey " below (Kimeridge) - 12 

16 
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The Kimeridge Clay may also be seen in the roadside ditch along 
Eevesby Bank. Though everywhere along this tract there are hollows and 
pockets filled with sand or gravel and sometimes small depressions filled 
with peaty matter, the subsoil is clean blue Kimeridge Clay; and at 
Mr. Scott's farm on Revesby bank a well was dug 24 feet in such clay and 
bored 100 feet further, in search of water, but without success. 

The brickyard south of Hagnaby Corner, -by the Catchwater_ drain, 
discloses Kimeridge. Clay at the bottom ; but a better exposure is to be 
found at a brickyard to the southward, (within Sheet 69) half a mile W. of 
■Stickney Church. Here 20 or 30 feet of Kimeridge Clay are always 
exposed,' but it has been worked to a depth of about 50 feet, the total depth 
of the pit being then 60 feet. A layer of large septarian nodules was met 
with about 40 feet from the surface ; a heap of these lay near the pit, and 
most, of them contained large smooth Ammonites. 
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OHAPTEE X. 
GLACIAL DEPOSITS.* 

The Boulder Clay of this part of Lincolnshire, appears, to .be 
divisible into' two portions' — a newer, representing the Purple 
and Hessle Clays of Mr. Searles Wood, and an older, identical 
with that known as the Chalky "Boulder Clay, or Upper Boulder 
Clay of East Anglia. .,.,... 

There are gravels connected with both clays ; of those in the 
area of. the Older Boulder Clay some appear to underlie it, some 
to overlie it, and others to be included or intercalated in its mass ; 
' but their extent is so small that they cannot be regarded as 
representing any of the divisions which have been elsewhere esta- 
blished in the Glacial series. There are also a few patches of 
gravel which are disconnected from the Boulder Clay, but appear 
to have resulted from its detrition ; they always occur at high 
levels, and resemble the deposits which have been described in 
Cambridgeshire, Suffolk, and Norfolk, under the names of Denu- 
dation Gravels, Plateau Drift. &c. They are provisionally included 
under the head of Glacial Drift. 

In describing the deposits above-mentioned we shall consider, 
first, the Older Boulder Clay and the gravels connected with it ; 
secondly, the Newer Glacial Beds ; thirdly, the Plateau Gravels. 



1. The Older Glacial Beds. 

A. — Boulder Clay. 

Distribution of Glacial Clay. — This in Sheet 70 is somewhat 
peculiar. In the south-west corner of the Map it forms a con- 
tinuous mass, spreading over high and low ground alike. In the 
south centre it is confined to the higher ground, but its base-line 
slopes gradually eastward with the dip of the Oxford Clay 
towards the border of the Fen-country, where it appears to 
be overlain by the newer sheet of Boulder Clay, above-men- 
tioned. The Boulder Clays pass together beneath the Fen beds ; 
the only portion of the Fenland which is not so underlaid by 
Boulder Clay being the south-western part adjoining the villages 
of Dowsby, Dunsby, Haconby, and Dyke. 

* For the theoretical views expressed in this chapter, regarding the relative ages 
and mode df formation of the Glacial Beds, I am alone responsible. Some of my 
colleagues who have worked in this and adjacent areas, regard the Boulder Clays 
as approximately of the same age, and as mainly the result or land-ice. Mr. C. Reid 
in his Memoir on the Geology of Holderness (1885, Chap. II.- V.), has described the 
Boulder Clays of that area from this point of view. In the Maps of the Geological 
Survey there is, at present, only one tint of blue for all the Glacial Clays, and one 
tint of pink for all the Glacial Sands and Gravels. 

A.. J. J.-B. 
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As explained in another memoir* this sloping base-line may 
oe taken as representing the original surface upon which the, 
Boulder Clay was deposited, the hollows into which it dips being 
pre-existent, and those which are cut through it being of subse- 
quent formation. 

In all this, however, there is nothing remarkable or peculiar. 
It is to the entire absence of the Boulder Clay from certain 
portions of the area, where its presence would be anticipated, 
that I desire to direct attention. 

1.' Although in the Map to the west (Sheet 71) the Boulder 
Clay descends to the level of the Lias plain lying west of the 
Marlstone escarpment, and although in the extreme south-west 
of Sheet 70 the Glacial Clay climbs to the very top of this 
oscarpment, by Clawson Thorns and Eastwell, where, it is bedded 
into gaps between masses of Marlstone ; yet the wide vale of 
Belvoir below, as well as the whole of the low lying north-western 
portion of the sheet, is entirely destitute of Boulder Clay, not 
the smallest remnant of it having been detected during the survey 
of the area. 

2. Although in the southern and central portions of the sheet 
the Boulder Clay caps the highest ground at an elevation of 
nearly 400 feet, and though outliers indicating its former northward 
extension occur near Kelby and Rauceby Lodge, two miles E.N.E. 
of Ancaster, and near Hougham, yet the whole of the Oolitic 
plateau, north and north-east of Ancaster is likewise entirely free 
of Boulder Clay, its place being apparently taken by a few 
scattered patches of Plateau Gravel. 

There is no reason to suppose that the Boulder Clay was not 
originally deposited over these areas, but yet it is difficult to, 
believe in its complete removal by subsequent denuding agencies, 
while it has not been removed from similar positions in the sur- 
rounding district. 

Further, the position and behaviour of the Boulder Clay in the 
south-west corner of the area are particularly suggestive. Stretch- 
ing up from the valley of the river Eye, near the northern edge of 
Map 64, it spreads out into a continuous sheet from Melton 
Mowbray to the valley of the "Witham. This sheet of Boulder 
Clay gradually climbs to higher levels, and its northern edge is 
broken up into three long projecting tongues, which appear to 
occupy the sites of so many pre-glacial valleys or gaps. 

The first of these lies between Holwell and Scalford, and the 
recently constructed railway between Melton and Nottingham 
is carried along it. The cutting at the south end of the tunnel 
showed about 40 feet of tough grey Boulder Clay full of local 
rock-fragments; base not seen. It is clear, therefore, that the 
Glacial Clay here fills a wide gap in the escarpment of the Marf- 
stone rock-bed, over which it laps on either side ; northward it 
terminates abruptly along the edge of the Middle Lias escarp* 
ment, slightly overlapping the base of the Middle Lias towards 

* Geology of the Neighbourhood of Cambridge. Mem. Geol. Surv,, p. 77 
£ 14304. £i 
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the N.W., but not descending the sldpe into the wide plain of 
Lower Lias below. 

The second tongue of Boulder Clay lies between Goadby 
Marwood and Walfham ; it is bounded on the eastern side by . 
the. escarpment of the Northampton Sands, against which it is 
banked. From this it is deflected north-westward by Eastwell 
across the outcrop of the Marlstone to the very edge of the great 
escarpment overlooking the Lower Lias plain. Here it also cuts 
out the Marlstone, and rests on the top of the Lower Lias Clay. 
The contrast between this strip of cold clay soil and the warm 
sandy brown soil of the Marlstone is very striking, and the breach 
in the continuity of the escarpment is conspicuous when viewed 
from the plain on the west. 

The third tongue of Boulder Clay ascends the valley between 
Stonesby and Saltby, overlapping the Lincolnshire Limestone on 
either side, and terminating abruptly below the village of Croxton 
Kerrial. 

Between the points marked on the map as Bescoby Oaks and 
Swallow Hole, a well was sunk through about 40 feet of bluish 
Boulder Clay without reaching any of the underlying rocks. 

Nature and Contents of the Clay. — Where not very full of 
stones the clay is usually of a dull bluish-grey colour, weathering 
to a lighter or yellowish grey. The proportion of stones to clay 
varies very greatly, and in some places the deposit passes into a 
loose breccia of angular stones and blocks mixed with clay and 
sand ; this is frequently the case where the clay is banked" against 
steep slopes or escarpments. 

, The included rock-fragments are various, flints and frag- 
ments of chalk occur nearly everywhere, but in some places the 
stones and blocks are chiefly derived from local Jurassic strata. 
Professor Judd state's that in the Map to the south* (Sheet 64), 
chalk and flints are most abundant in the eastern part of the area, 
while in the west fragments of Jurassic rocks become more 
numerous. My observations, so far as they extend, go to confirm, 
this generalization. There is everywhere a certain proportion of 
locally-derived fragments ; thus in the N.E. corner the clay 
is full of septaria derived from the Kimeridge Clay ; in the S.W. 
corner the fragments are chiefly from the Lias and Inferior 
Oolite, while elsewhere in the S. and S.W. the Great Oolite, 
Cornbrash, and Oxford Clay supply most of the stones and 
blocks ; but in travelling westward there certainly does seem to be 
a diminution in the amount of chalk debris, and an increase in that 
of Jurassic debris. Not only so, but many blocks of Marlstone 
have been found far to the east of its outcrop, so that there has 
clearly been a drift from the west as well as from the east and 
north-east. 

. The following remarks (with which I fully agree) are quoted 
from Professor Judd's Memoir, as applying to the whole district 

* Geology of Eutlaad. Mem. Geol. Surv., p. 245. 
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included in Sheets 64 and 70.* " The transported masses of 
local rocks are sometimes of enormous size, especially in the 
northern portion of this area [Sheet 64], and in that to the north 
(Sheet 70). . The attention of geologists was first directed to 
these great transported masses by Professor Morris, who found 
that, at the south end of the Stoke Tunnel on.the Great Northern 
Railway an enormous mass of the Lincolnshire Oolite limestone 
lay on undoubted Boulder Clay. During the mapping by Messrs. 
Holloway, Skertchly, and myself of the districts which I have 
indicated, we have found a number of such transported masses, 
some of them far exceeding in size that described by Professor 
Morris, and composed both of the Inferior Oolite and of the 
Marlstone Rock-bed. 

" The position of these transported masses is indicated on the- 
Drift map. They always appear to occur in the lower part of the 
Boulder Clay ; and by the denudation of the softer surrounding* 
material often make a distinct boss, rising above the general 
surface. Stone-pits are often opened in them, and they sometimes 
give off springs at their base." 

" The largest of these transported masses, that capping Beacon- 
Hill in Sheet 70,t is more than 200 yards across, and is com- 
posed of the Marlstone Rock- bed. It is noteworthy that these 
masses always belong to the rocks which form the highest ground, 
and which, in the glacial submergence, would constitute the !ast 
points remaining above water.' The only agency, it appears tome, 
by which these enormous masses could have been transported, is 
that of floating ice. Some of the masses of the Marlstone Rock- 
bed have been carried across deep valleys a distance of probably- 
not less than 30 miles." 

The Beacon Hill here referred to is about 400 feet high, and 
the highest part of the Marlstone escarpment in Sheet 70 is only 
365 feet, but in Sheet 64 it rises to elevations of 600 and 700 feet, 
so that this and other blocks have probably been carried from 
points lying to the S.W. of their present positions. 

The far-transported boulders are not very numerous, neither do 
they generally attain any great size ; they consist chiefly of Coal- 
measure sandstone, Millstone Grit, and Carboniferous Limestone. 
One of sandstone near the brook half-a-mile west of Scalford 
measured 4 x 3 x 2\ feet, and another of a peculiar green grit, by 
the road-side one and a half mile N.N.W. of Waltham, measured 
5 x 5 x 1 \ feet. Another large sub-angular block, which I did 
not measure, but of which I took a specimen, lies by the roadside- 
at Wykeham three-quarters of a mile N.E. of Scalford. Thi&- 
Professor Bonney has examined, and informs me that it resembles 
some of the rhyolitic breccias from the north-eastern side of 
Charnwood Forest. 

* Loc. cit, p. 246. 

f There are several Beacon Hills in this Map, but the particular one referred to 
is near its southern edge, about a mile S.W. of Swayfield. 

F 2 
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, Description of Sections. 

The following notes of sections within the area mapped by 
Messrs. Holloway, Skertchly, Dalton, and myself, are illustrative 
of the behaviour and' constitution of the Boulder Clay. 

At' the north end of the tunnel by Long Clawson Station), on the Great 
Northern Railway from Melton, the thin edge of the Boulder Clay is Visible 
overlying yellow and blue clays (Middle Lias) ; but at. the south end of the 
same tunnei, which is half-a-mile long, the whole of the cutting appears 
to be through Boulder Clay, light-brown at the top, blue below, and full of 
Lias fossils, chalk fragments, and boulders of various kinds. "Where the 
road crosses the 'eutting is between 30 and 40 feet deep. 

Near Scalford the Boulder Clay is banked against a steep slope of Lias 
Clay capped with Marlstone Rock ; this is shown on the map by the rapid 
descent of the boundary line of the Boulder Clay into the valley of the 
brook at Scalford. Sections are exposed in the banks of this brook about 
half-a-mile south of Scalford, and the Boulder Clay here seen is of a dark 
slate-blue colour, weathering yellowish, and is very full of grains and 
final pebbles of chalk, with seams of shaly matter. It contains rounded, 
smoothed, and straited pebbles and blocks, mostly of Lincolnshire lime- 
stone, and grey Liassic limestone (full of fossils), but with a considerable 
percentage of chalk and flint, lumps of ■ ironstone from the Marlstone 
and Northampton Sands and some boulders of Carboniferous sandstone 
and limestone. There are also many angular blocks, and some of these 
are more than a foot across. At the windmill half-a-mile S."W. of 
Scalford a well was .bored to a depth of 71 feet through Boulder Clay, 
finding water in sand and gravel beneath it. The edge of this mass of 
Boulder Clay, banked against Marlstone, is seen in the cutting on the 
branch railway to "Waltham just .east of Scalford, and; is . shown* in 
fig. 6, p. 43. The Boulder Clay here is distinctly bedded with seams and 
strings of sandy, matter interstratified, and its base resting on the Lias is 
very full of stones. 

Thence its edge keeps south of the railway, but crosses it again near 
Caldwell, and in the cutting due north of Caldwell Church the following 
section* was observed by Mr. Dalton and myself in 1882 : — 

feet. 
Grey Boulder Clay with strings of gravel passing down into ■ 

dark blue Boulder Clay - - . . - 12 

Dark blue shaly clay below (Upper Lias). 

South- west of Caldwell Village numerous blocks of Marlstone are scattered 
about the fieldB, and seem, to be boulders derived from the Glacial Clay.' 

At 'Waltham Station the cutting showed grey Boulder Clay 'crowded 
with stones and boulders of Lincolnshire Limestone, Great Oolite, Lias, 
Chalk, &c. In some places there were more boulders than clay, but under 
the_ bridge it passed into a brown,' loamy clay with few stones. Since our 
visit in March 1882, this cutting has been extended to the north-east, and 
shows that this brown Boulder Clay is banked up against a mass of 
Lincolnshire -Limestone faulted down from the main outcrop. At the 
Railway Station a well has been sunk 17 feet in the clay, without 
reaching its base. 

The railway is now (1883) being extended to, Eaton, and several cuttings 
N.N.W. of Waltham Station 'show good sections' of the Boulder Clay. 
The first of these is 14J feet deep in the central, part, and the clay is 
dark greyish-blue, full of large blocks of Lincolnshire Limestone (many 
more than, a foot square), with pieces of Marlstone Rock, grey Liassic 
Rock (fossiliferous concretions), Mints, and small Chalk pebbles. Tho 
Limestone is most abundant, and the Chalk least so, the latter too is of 
the hardest nature, such as occurs in the .-Lincolnshire " Chalk- with- 
flints," and the pebbles are .scratohed all over. The clay weathers to a 
yellowish tint near the surface. , At the southern end ' of the cutting this 
clay passes into a breccia of Lincolnshire Limestone, the angular blocks 
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lying close to each other in a confused mass with, clay and smaller stones 
filling the interstices between them. 

Other cuttings on this line to the northward show similar blue 
Boulder Clay, containing blocks of Lincolnshire Limestone, Lias Lime- 
stone, hard chalk and flints in about equal numbers. At the north end of 
the cutting, about 5 furlongs S.W. of Eaton Church, the Boulder Clay ends 
abruptly, and the Marlstone Kock emerges from beneath it. ■ This abrupt 
termination of the Boulder Clay and its complete absence from the district 
to the northward is remarkable. The trough into whi,ch the Glacial Clay 
is bedded trends north-westward between the Marlstone areas of Eastwell 
and Eaton Lodge. At Eastwell the well supplying the town pump is said 
to have been dug and bored through Boulder Clay for over 90 feet. 

South of Waltham the boundary of the Boulder Clay is very irregular, 
having been cut back by the action of the rain draining off the slopes of 
Northampton Sand. About 5 furlongs south of Waltham Church it 
consists of a soft sticky marly clay, of a mottled grey and drab colour, 
containing but very few stones. Where it crosses the road it is bedded up 
to, and level with, the Northampton Sand, but presents a steep bank to 
the hollow of the valley-head on the east side of the Rectory. South of 
Stonesby it lies entirely on the S.E. of the beck which runs thence to the 
S.W., rising with a steep bank from the brook, while east of Stonesby 
a tongue of Boulder Clay extends northwards on to a mass of Lincoln- 
shire Limestone, which appears to have been brought down below its 
normal level by a fault. The boundary line of the Boulder Clay here 
has clearly been cut back to its present position by the action of the 
rivulet, while the course of the stream has been determined by the massive 
barrier of Boulder Clay which has deflected it to the south-eastward. 

Curving round about a mile east of Stonesby, the Boulder Clay enters 
the long hollow or valley which lies on the west side of the main escarp- 
ment from Saltby to Croxton. In the road-cutting, about half-a-mile S.W. 
of Croxton Church, 5- feet of Boulder Clay was seen in 1883, containing 
numerous stones, including a slab of hydraulic limestone from the base of 
the Lias ; this slab of stone being now many miles to the eastward of, and at 
a level of 300 feet higher than, the place whence it was carried by the ic$. 

The base of the Boulder Clay here seems to be about half-way down the 
slope to the northward, and it rests on the Upper Lias Clay, terminating 
abruptly and without any evidence of former connexion with the other 
tongue of Boulder Clay at Eaton. 

Passing to the tract of Boulder Clay which covers the country to the 
east of the Witham Valley, we find its most interesting characteristic to be 
the huge masses of rock which it contains. . 

Their occurrence in the Map to the south (64) has already been men- 
tioned, and two large masses of Marlstone may be noticed here as lying 
very near the borders of Sheet 70 ; one in Little Haw Wood, S.W. of' 
Castle Bytham, and another near Tortoiseshell Wood, about two miles 
N.W.of Bytham, and near the south border of Sheet 70. Mr. Skertchly 
describes the first mentioned as forming a boss about a hundred yards in 
length: — "The stone is still hard, compact, and blue-hearted in places. 
A pit has been opened in it showing its maximum thickness to be 12 feet, 
and that it rests on typical Chalky Boulder Clay. The pits opened in the 
second mass, S.E. of Tortoiseshell Wood, extend for a distance of 
about 290 yards in an east #nd west direction, but the rock-masses (of 
which there may be several) are not apparently more than 3 feet in 
thickness, and are more decomposed." 

The boulder, also of Marlstone, on Beacon Hill, south-west of Swayfield, 
has already been mentioned ; and five other smaller masses of Marlstone 
occur in the Boulder Clay between Colsterworth and Corby, two between 
Witham and Easton Woods, one 6 furlongs west of Corby toll-bar, one a 
mile N.W. of the same point, and another 7 furlongs N.N.E. 

The great boulder which was cut through at the S.E. end of the Stoke 
tunnel on the Great Northern Railway consists of Lincolnshire Limestone, 
and there is another boulder of the same rock about 6 furlongs S;E. of Great 
Ponton Station, with a still larger mass of Marlstone about 2 furlongs 
N.E. of the latter. 
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The sections exposed in the, cuttings on the Great Northern Bailway 
have been described by Professor Morris, from whose paper the following 
is quoted :- — 

" Siohe Cutting.— At the northern extremity of the tunnel the Drift 
appears to be divisible into two portions. The upper part, about 25 feet 
thick, consists of light-grey sandy clay, full of angular and rounded flints 
some 2 feet in diameter, and rolled fragments of chalk varying in size from 
8 to 12 inches in diameter to pebbles ef the size of a pin's head. The clay 
also contains large boulders of Oolitic and other rocks, arranged in some- 
what parallel lines, the former being very abundant. The lower part, 
30 feet thick, consists of dark bluish-grey tenacious' clay, with traces of 
chalk and flints, and but few boulders. These latter are generally large 
and much rolled, and have been derived from the Oxford Clay, and Oolites, 
Marlstone, and Lias ; there are also pebbles of Mountain limestone, Granite, 
and other rocks, and interspersed with*these are numerous liassic fossils, 
Ammonites, Belerrmites, Gryphaa, Pholadomya, &c. At the junction of 
these two divisions the boulders and pebbles occur in greater abundance, 
lying on an apparently eroded surface of the lower drift, which is readily 
distinguished from the upper division by the comparative absence of chalk 
and flint. 

" Emerging from the south end of tunnel, which is 880 yards in length, 
we see the- Drift on either side of the cutting buoying up an enormous 
irregular mass of Oolitic rock, through which the cutting has passed (see 
!Fig. 11, 5). This mass of rock is 430 feet long, and, at its deepest part, 
30 feet thick; it is much broken and. disturbed, and the parts retain to 
some extent thsir relative positibn, and belong to the lower portions of the 
Oolitic beds of the district (i.e., Lincolnshire Limestone) ; the surface is con- 
tinuous with the hill slope, and is here and there penetrated by intrusive 
drift ; the lower part is eroded and waterworn. The depth of the under- 
lying drift exposed at the lowest part between the broken rock and the 
level of the railroad is about 7 feet. Unfortunately the character of the 
neighbouring surface is so much obscured that it is difficult to estimate the 
lateral extent of this great mass of disturbed Oolite, which, although sr< 
distinctly isolated, retains sufficient uniformity of character to lead us to 
infer that it has not been far removed from its original site. The Drift is 
here of similar character to the upper portion at the north end of the 
tunnel, and is peculiarly marked by boulders (oolitic chiefly) more or less 
horizontally arranged, and some of 'them underlying the uplifted mass of 
oolite.'-' 

" Bassmgthorpe Cutting.— Crossing another denuded Drift valley, we 
come to the Bassingthorpe Cutting, which extends for about one and a half 
mile through Drift similar to the above. The larger boulders are more 
abundant; .30 to 40 were counted in about 60 yards. They varied in size 
from 1 to 3 or 4 feet ; one, however, a micaceous sandstone, with fossils, 
much grooved and striated, measured 6 feet 9 inches in its longest 
diameter and 3 feet in depth. They are generally more or less square in 
form, and lie on their flat side, are sometimes polished, and frequently 
grooved or striated ; the stripe are restricted to their flat surface, and are 
not found on the edges. The boulders assumed, as before noticed, a 
horizontal arrangement, somewhat following the contour of the surface of 
the ground. The larger masses consist of micaceous sandstone containing 
fos3ils (Marlstone and Cornbrash), besides which are many rounded and 
angular flints (sometimes grooved), Lias septaria, Greenstone, Mountain 
limestone, coarse sandstone, Lias and Chalk Belemnites, and other fossils ; 
occasionally we meet with local patches containing comminuted chalk and 
flint.. Another peculiar feature of interest is the occurrence of large 
angular masses of soft stratified sand, apparently removed from an upper 
portion of the oolitic series of the district. 

" This upper division of the Drift is of somewhat lighter colour than the 
lower, and its boulders are more numerous and larger than the latter, and 
the chalk detritus is more abundant, but the line of separation does not 
appear so distinct as in that at the northern end of the tunnel as above 
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described. At the south end of this cutting the Drift was observed to- 
repose on a decomposed band of the oolitic rock."* 

The Boulder Clay is exposed in the road cutting close to Corby on the 
Irnham road to a depth of 8 feet, and its appearance is thus described 
by Mr. Skertchly : "It is a stiff, mottled brown and blue clay, containing 
comparatively little comminuted chalk, and in places appearing to be 
composed of laminated Oxford Clay. "It is full of large boulders, Borne 
3 feet square,' of Carboniferous Limestone, Coal Measure sandstone, and 
hard Chalk, all beautifully striated. Flints are pretty generally distributed 
throughout; Oxford Gla,y Ammonites and Belemmites also occur, likewise 
pieces of Ironstone and Oolitic Limestone.- Some of the boulders are 
well rounded, but the largest seem to have undergone but slight 
attrition. Large boulders of Inferior Oolite and Cornbrash are seen, 
further on the road." 

Mr. Holloway observes thatf a large boulder of Cornbrash seems to have 
existed in the Boulder Clay a little east of Round Hill Camp in Ingoldsby 
Wood. " The rising ground here is known as the Eed Hills, and quarries 
have once been worked here for road metal, but are now closed and 
grass grown. The area of ground quarried is about 31 chains (77 yards) 
in its greater length, but a great quantity of Cornbrash rubble was 
visible in a ploughed field on the south side of this spot. 

" From the evidence of persons who sa\v the pit when open, the stone 
appears to have been irregular in position, not lying in regular courses, 
but in separate blocks, tipped in various directions and surrounded with 
stiff chalky clay ; the blocks themselves were sometimes blue-hearted, 
though more often greatly weathered (hence the name Eed Hills). It 
is also said that the same kind of clay was found under the .masses of 
rock. The depth of- the pit is about 8 feet, and it is quite possible from 
the appearance of the surrounding land that as much as 8 or 10 feet 
of Boulder Clay would intervene between this boulder and the under- 
lying Oxford Clay. The nearest outcrop of Cornbrash in the valleys 
round the place is certainly much below the level of this pit, probably 
as much as 50 or 60 feet." 

He also noticed that the Boulder Clay round Aslackby High Park, 
south of Folkingham, " weathered- very white, so as to give the fields 
exactly the appearance of Kellaway land ; it is full of chalk flints and 
the" usual boulders." 

Boulder Clay with large boulders of Oolite occurs nears Hougham station,. 
• N. of Grantham. 

Griffin of the Boulder Clay. — All the phenomena connected 
with the Boulder Clay throughout the large area included in 
Sheets 64 and 70 appear to me to favour the supposition that it 
was formed by the action of coast-ice. 

This part of the country may be regarded as consisting of a 
central ridge of high ground, formed by the Lower Oolites, lying 
between two tracts of lowland, that on the west being formed by the 
Lias, and that on the east being the plain of the Fenhind. When 
traced from either side the Boulder Clay is found to rise from these 
plains and to climb the slopes till it rests on the very highegt parts 
of the intervening highlands, at elevations of 400 and 500 feet above 
the sea. 

The Boulder Clay is not disposed in the manner of moraines, 
but was clearly spread out as a universal mantle over the whole 
surface of the country. The ice which produced it certainly 
could not have been generated on the ridge itself nor on any of 
the neighbouring hill ranges ; and yet the materials of which the 
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clay consists and nearly all the stones it contains are essentially 
local products derived from the rocks in the immediate neigh- 
bourhood. It is obvious that the chalk fragments must have been 
chiefly brought from the N.E., the Carboniferous rocks] can 
only have come from the N. or N.W., and the Marlstone blocks 
travelled in all probability from the W. or S.W. of the places 
where they are now found. 

Again, the lie and position of the Boulder Clay in the south- 
western part of Sheet 70, where it is banked against southern 
slopes and bedded into valleys that open to the south, suggests 
that the ice under which this clay accumulated either moved from 
the southward, or was formed as coast-ice along the border of a 
sinking shore-line. Still more suggestive of coast-ice are the huge 
masses of Marlstone and Lincolnshire Limestone which occur in 
the southern part of the Map. 

When we consider the remarkable distribution of the stones 
and boulders in the clay of this area^ the greater proportion of 
chalk detritus on the eastern slopes and of Jurassic detritus on the 
western slopes, the fact that enormous masses of Marlstone occur 
many miles to the eastward of the only places whence they can 
have been derived ; the position of the large boulder of Gornbrash 
near Ingoldsby, and the occurrence of Lower Lias Limestone at 
Croxton 300 feet above its level ; the steep slope of the Oolitic 
escarpment, up which the ice must have passed ; the difficulties in 
the way of applying the prevalent land-ice hypothesis become 
considerable. 

All these facts and considerations, however, cease to be 
difficulties if the alternative hypothesis of the formation of the 
clay by coast-ice be accepted. The assumptions necessary for its 
application to the district in question are of the simplest kind. 
We have only to suppose a gradual submergence of the land till 
the ridge3 formed by the Cretaceous and Jurassic escarpments 
became a succession of long, low islands, round whose shores coast- 
ice was accumulated every winter. The ice-foot which grew 
beneath the faces of the escarpments would receive a specially 
heavy freight of debris, and when broken up into flows during the 
summer thaws, the distance to which these flows were carried 
would depend on the weight of the load and on the varying 
direction of the currents among the islands. This process being 
continued until the movement of depression submerged the highest 
points offend, the resulting deposit of Boulder Clay* would have 
been gradually spread over the whole surface of the older rocks, 
and when the sea floor was again raised would appear as we now 
find it, making allowance of course for post-glacial denudation. 

B. Glacial Gravels. 

These are very scantily developed in the district under 
consideration. In the sheet to the south they have been grouped 
under three heads by Professor Judd, as follows : — 

* See " Geology of Cambridgeshire," Mem. Geol. Survey, 1881, p. 117. 
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3. Intercalated gravels ; lenticular patches of coarse roughly- 
stratified gravel, sometimes interstiatified with the Boulder 
Clay and sometimes passing insensibly into it. Their 
materials are identical with the stones and boulders of the 
Boulder Clay, flints and chalk pebbles being generally very 
abundant, but Jurassic fragments being sometimes even 
more numerous. 

2. Pre-glacial gravels and sands, the former usually containing 
an abundance of flints and other stones foreign to the 
district; these may possibly be representatives of the 
middle-glacial series. 

1. Pre-glacial valley gravels, distinguished by consisting almost 
wholly of the detritus of Jurassic rocks, often lying in 
hollows excavated out of these rocks, and probably 
indicating pre-glacial lines of drainage. 

1 and 2. Near Corby there are several patches of gravel which are 
referable to one of these divisions. On the Map their edges are seen 
emerging from beneath the Boulder Clay. Mr. Skertchly thus describes 
the material seen in the gravel pits about two mil.es E.S.E. of Corby on 
the S.W. side of the Great North Wood:— 

" The gravel here is almost entirely made up of pebbles of oolite rocks, 
and is thus readily distinguished from the gravels which consist for the 
most part of pebbles derived from older rocks. 

" It is dug to a depth of 12 feet, is well stratified and with very few traces 
of false bedding. The pebbles are sorted according to their size, and they 
consist of oolite limestone, ironstone from the Northampton Sands, arid a few 
pebbles of older rocks, quartz being the most frequent. Boiled specimens 
of Gryphxa incurva, were also found. In places the limest&ne of the 
pebbles has been dissolved by the percolation of water and re-deposited, 
giving the gravel the appearance of being intersected by veins of 
calcareous tufa." 

3. " These gravels,'' as Prof. Judd says, " might aptly be described as 
Boulder Clay in which, from the action of some local cause, the argillaceous 
matrix has not been deposited'."* Several small patches of such gravel 
occur in the south-western tract of Boulder Clay, and of these Mr. 
Skertchly has furnished the following notes :— 

" At Saxby there are large pits dug in gravel which a ppears to be 
intercalated in the Boulder Cloy. The pits are about 20 feet deep, and the 
material, which consists of irregular beds of gravel and sand, is very much 
contorted. It is mainly composed of pebbles of the Lincolnshire Lime- 
stone ; of other rocks Coal-measure sandstone and small rounded pebbles 
of Northampton ironstone are abundant, as are also nodules of ironstone 
from the Lias Clays ; flints occur sparingly, as also do pebbles of quartzite. 
The stones vary in size from boulders a foot in diameter down to small 
grains. 

" At Preeby there are pits in similar coarse shingly gravel which also 
seemB to be "intercalated in the Boulder Clay." Two smaller patches of 
similar material near Garthorpe. 

Mr. Dalton is inclined to believe that the patches of gravel which cap 
the high ground S. and S.W.of Coddingtbn near Newark, as well 
ai the elongate patch which is intersected by the edge of the Map 
north of Coddington, are of glacial age. Their elevation must be about 
150 feet above the sea, and he has found Boulder Clay overlying similar 
sand and gravel at an elevation of 300 feet near the borders of Sheets 82 
and 83, about 8 miles N.W. of Newark. Possibly, therefore, the gravels 
in question in Sheet 70 may be the equivalents of this gravel which is 



* Geology of Rutland, Mem. Geol. Survey, p. 247. 
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certainly Glacial. Little yet, however, is known about the westward 
extension of the newer Boulder Clay (Hessle type) and its gravels, to which 
it is also possible that the patches above mentioned may belong: 

2. — The Newek Glacial Beds. 

The western edge of the Fenland by Horbling,* Swaton, 
Helpringham, Heckington, Ewerby, and Anwick is bordered by 
another Boulder Clay which has a different faeies from that we 
have described under the .name of the Older Boulder Clay, and 
appears to me to be identical in character with the Boulder Clay 
which flanks the eastern side of the Lincolnshire Wolds. 

Character and Contents. — It is never of the uniform blue, 
black,. or grey colour which prevail in the former clay, but has the 
mottled red-brown and grey, or buff and grey tints which 
characterise the to-called Hessle and Purple Clays of East 
Lincolnshire ; it is, moreover, of the same loose, marly nature, 
crumbling when dry into small angular fragments; it contains a 
large quantity of sandy matter which is generally visible to the 
eye, and gives to the clay a gritty feel, and it frequently encloses 
thin veins, strings, and nests of sand or sandy gravel ; another 
peculiarity is the great number of small pebbles cr pellets of chalk 
which it contains, mostly about the size of peas and hazel-nuts. 
Pebbles of quartzite are also very common, so are also porphyrites 
with distinct crystals of white and pink felspar. The other stones 
are chalk, flints, and fragments of the various Jurassic limestones. 

Associated \vith this Boulder Clay are tracts of gravel,t which 
are doubtless lenticular deposits enclosed in the clay. The villages 
of Swaton, Helpringham,'Grreat Hale, Little Hale, aud Heckington 
are situated on these tracts, and the gravels have been dug for 
road-metal in several places. They everywhere contain a large 
number of qnartzites with some quartz and lydian-stone pebbles, 
mixed with flints and fragments of Oolitic rocks. This abundance 
of quartzites — brown, pink, yellow, and white, is remarkable, and 
it is not very easy to see whence they can have been derived. 

Extent. — A. glance at the published Drift Map of Sheet 70 will 
show the difference in the behaviour of the two Boulder Clays. 
The older Boulder Clay spreads over the high ground in the south 
and centre of the Map, but is not found north of the Ancaster 
Valley. The newer clay keeps to comparatively low levels, and 
appears to have formed a sort of terrace or platform between the 
Fenland and the highland or heathland to the west; exactly as 
its countertype does in East Lincolnshire between the marshland 
and the wolds. - 

The western border of the newer clay by Threekingham, 
Scredington, Burton, Asgarby, and Evedon has evidently been 

* Not having personally examined the country south of Horbling, I cannot say 
where this Boulder Clay begins to set in, but I .have little doubt that all the Boulder 
Clay bordering the Fens north of Anwick belongs to the same type. I have seen the 
same clay at Martin, near the south edge of Sheet 8.1. — (A. J. J.-B.) 

f These were regarded as Post-glacial Gravels by Mr. Skertchly when he visited 
the district in 1871 ; see Geology of the Fenland, Mem. Geol. Surv., p. 184. 
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cut back by post-glacial detrition, and now presents a marked 
slope or escarpment as if it were a solid stratum dipping eastward. 
As a matter of fact its base-line has an easterly dip or slope, for 
it passes beneath the post-glacial Fen beds, and forms the floor on 
which they rest for some distance to the eastward. 

Relative Age. — As the two Boulder Clays were not distinguished 
when the district was first surveyed, and as I have not had an 
opportunity of examining the country between Edenham and 
Folkinghnm, where the two clays would come into contact, their 
relative position in that area has not been ascertained. In other 
parts of Lincolnshire, however, there appears to me sufficient 
evidence to show that the brown and mottled clays are newer 
than the blue and grey clays. 

The superposition of the mottled clay on the blue clay has been 
proved in the excavations for the new docks at Boston. Here, in 
November 1883, 1 found about 6 feet of mottled buff and grey 
Boulder Clay, with pockets of reddish sand and stones at the 
bottom of the main dock. Its junction with the underlying dark 
blue clay was not there exposed, but the latter could be seen 
beneath it in the deep trench at one end of the dock. 

The southernmost point to which this newer mottled clay [has been 
traced is the ridge which runs westward from between Horbling and 
Billingborough to Stow Green. At the latter place buff and grey mottled 
clay, sandy in places and full of small chalk pebbles was seen. 

In the" railway cutting 6 furlongs N.W. of Horbling Church and 
in the fields east of the line, similar mottled brown' and grey Boulder 
Clay is visible; and the thin edge of the same clay (overlying Oxford 
Clay) is exposed, in the brickyard a mile N. of Horbling. 

Gravel has been dug in a field half-a-mile S.W. of Swaton Church, 
the trench is only 6 feet deep and the gravel consists of small flints, 
quartzite pebbles, and ' fragments of Oolitic Limestone, mixed with sand. 
Here and there a layer of stiff sandy loam overlies this gravel. The 
village of Swaton stands on similar gravel ; but eastward along the Fen 
border the mottled Boulder Clay is found at the bottom of the dykes and 
ditches, covered by a wash of sandy gravel, with a dark peaty soil here 
and there, in shallow basins or depressions. 

In the railway cutting 2 furlongs W.S.W. of HelpringHam Church 
there is 3 feet of sand with loose marly and gravellv "Boulder Clay 
.below ; and by the bridge 3 furlongs S.S.E. of the church there is sandy 
gravel to the bottom of the cutting (about 5 feet). According to in- 
formation obtained from a workman on the line, gravel and sand were 
found from end to end of this cutting, but varying in depth from 3 to 6 
feet and everywhere resting on marly clay. 

At corner of road N.E. of the church gravel has been dug to a 
depth of 7 to 9 feet, resting on Boulder Clay. The material is very sandy, 
the stones are chiefly flints with a few pebbles of quartzite and hard 
chalk. 

On Helpringham South Drove, where the road is crossed by the old 
Carr Dyke, the pick disclosed the following section : — 

feet. 
Dark brown loamy soil ..... 1| to 2 
. Marly Boulder Clay - '- •- - - 2§ „ 3 

Soft brown sand - - - - - - -| „ 1 

Similar sections showing intercalated beds of sand and gravel were 
found elsewhere along the Fen border, and the general sandiness of the 
soil overlying the Boulder Clay along this border tract is doubtless due 
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to the presence of these sand veins in the Boulder Clay. The quantity 
of calcareous" matter in the clay leads, by solution, to the formation of 
hollows and pockets into which the sand and gravel left on the surface has 
sunk. 

Round Little Hale again there is a considerable spread of sand and 
gravel, and N.W. of the village along the road to Burton Pedwardine 
this is covered by a thin tongue of Boulder Clay, proving the glacial age 
of the gravel, which probably occurs as a lenticular bed in the Boulder 
Clay. 

■ South of Heckington the Boulder Clay seems to pass into a stronger 
loam overlying the gravel which makes no feature along its boundary line. 
At the new cemetery, 3 furlongs S.E. of the church, I was informed 
that the drainage was greatly obstructed by a layer of stiff clay in the 
gravel, this clay occurring at a depth of about 4 feet and having gravel 
again below it. Gravel has been dug in the field N. of the Railway Station 
but the pits are now filled in; the material consists chiefly of flint and 
chalk stones,.with many quartz and quartzite pebbles and some of Oolite. 
The wells in the village ase from 8 to 10 feet deep in gravel, 

In a pond by the windmills, nearly half-a-mile W. of the church, 
Boulder Clay of the typical Hessle type is exposed covered with a thin 
gravelly soil ; the well at the easternmost mill is said to be 12 feet deep 
through loose marly clay and gravel. 

Similar Boulder Clay is found everywhere between Heckington and 
Burton Pedwardine and above Asgarby to Ewerby. North of Ewerby 
and eastward to Ewerby Thorpe its colour is of an uniform dark purple' 
brown, exactly like some parts of that Boulder Clay which in East 
Lincolnshire has been termed the " Purple Clay.!' Veins and seams of 
sand are frequent, and in some places it is mottled with grey. 

At Ewerby there is a small patch of gravel, which is dug from pits 
about half-a-mile S.W. of the church. Here all the larger stones 
are quartzites or flints, the former being very numerous and of all tints — 
yellow, white, and brown ; the smaller stones are chiefly flattish frag- 
ments of Oolite, but there are also many small quartzite, quartz, and 
lydianstone pebbles, together with some of igneous rocks. 

At Anwick the Boulder Clay is much lighter in colour, being light 
buff mottled with ash grey ; it is loose and marly in texture and contains 
the usual small chalk pebbles with here and there seams of yellow Band. 

"Half-a-mile north of Anwick Church is a celebrated boulder called the 
Drake Stone, of dark reddish-grey sandstone, full of sea-shells [? Marlstone 
or Cornbrash] ; it is waterworn and surrounded by several smaller blocks, 
one of which originally formed part of the larger, which is still 6 feet X 3 
feet X 3 feet."* This stone still exists, but has been buried on the spot 
where it stood, so as to be out of the way of the plough. 

Mr. Dalton states that the cutting half-a-mile north of Ruskington 
shows Oxford Clay capped by 8 feet of Boulder Clay, the western end of 
the North Hill outlier. Two small outliers of Boulder Clay are also 
intersected by the railway north and south of Dorrington. 

The Boulder Clay beneath the gravels of Thorp Tilney and Bilhnghay 
is : doubtless a continuation of that above-described, but this area was 
surveyed before the existence of the newer clay was suspected. 

3. Plateau Gravels. 

The patches of gravel and sand which appear to be referable to 
this division, are the following: — 

1. Some small patches on the hills N.W. and S.W. of Little Ponton; 
Mr. Holloway seems to have been in doubt as to the true position of these 
gravels, and they do not appear on the published map, having escaped 
notice after his sudden death. They may be those described by Mr. 
Brodie in 1850, as follows : 

* Archdeacon Trollope's History of Sleaford, &c, 1872. 
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" The gravel of Ponton Hill is 30 feet thick, and consists of small 
pebbles of Inferior Oolite, Chalk flints, Granite, Mica schist, Porphyry, 
hard quartzose Sandstone, Trap, slate, Mountain Limestone, and Caradoc 
Sandstone."* 

2. Remains of similar deposits appear to exist also on the east side of 
the Witham Valley and were exposed in the railway cutting near Little 
Ponton where they were noticed by Professor Morris, f who says, "The 
oolitic rooks are here scooped out into hollows of considerable size, some- 
times 100 yards in length and 50 feet in depth; these cavities are ex- 
tremely irregular in form, and have a general direction of N.E. and S.W., 
and apparently follow the direction of the great jointings or fissures of 
the rock. They are occupied by more or less stratified masses of clays 
and sands with pebbles, with occasional rounded boulders of sandstone. 
Interstratified with these, hut more especially towards the upper portion 
are thick layers of fragmentary oolite, identical with the enclosing rock, 
and sometimes in the lower part large blocks of the same rock." Hollows 
filled with similar debris are also seen in the Great Ponton cutting, and 
Professor Morris remarks that these deposits' a*e " probably posterior to 
the northern drift"; but there does not appear to be any direct evidence 
as to their position with regard to the Boulder Glay. 

3. The tract capping the Marlstone hills, near Gelston and Hough-on- 
the-Hill, at a height of about 300 feet about the sea, i.e., about 200 feet 
above the level of the river "Witham at Marston. Mr. Holloway notes 
that near Gelston the gravel is 30 feet thick, and the pebbles are chiefly 
of quartzite and of hard Palseozoic rocks. The bedding is very oblique 
and contorted in places; he also observed a large boulder of quartzite 
bearing .distinct glacial strias. 

4. -The small oval patch near Barkstone Farm, about a mile and a half 
east of Barkston, and lying on Lincolnshire Limestone. 

5. A larger patch on the summit of the hill N. of Ancaster. 

6. A group of patches north of the foregoing," and lying between Ermine 
Street and Rollergate Boad. Pits have been opened in several of these, 
disclosing gravel of a peculiar character; thus in a pit by the road- 
side, east of Kormanton Heath Farm, Mr. Penning observed 6 feet of 
" coarse gravel of quartzite and flint pebbles with pieces of Oolitic rocks, 

' some angular, others rounded ; pockets of brown sand descend from the 
surface." He also found similar gravel exposed in the lesser patch to the 
westward ; and in a gravel-pit 6 furlongs N.E. of Normanton Heath Farm 
he notes " large angular and sub-angular lumps of Oolitic limestone in a 
matrix consisting of clayey grave^with small quartz and quartzite pebbles, 
sub-angular flints, &c, the depth exposed being about 4 feet." 

7. The long patch ' capping the ridge between Sudbrook Heath and 
North Bauceby must belong to the same series. 

8- In the first cutting, east of Ancaster -Station, six large trough-like 
swallow-holes are intersected 'by the line and are seen on both sides of the 
cutting. They are filled with clay, sand, loam, and limestone rubble, and 
descend below the level of the rails even in the centre where the cutting 
is 40 feet deep. The width of the third hollow from the east end is about 
40 feet at the top, and about 30 feet at the level of the rails, so it probably 
extends to a much greater depth. It is fiUed chiefly with fine yellow 
band, the upper 10 or 12 feet of which is crowded with broken fragments 
of limestone, but the sides are lined with dark clay which appears to be 
derived from the Upper Estuarine Series. The width of this clay -lining 
on the western side of the trough is 6 feet, and in it I found fragments of 
the purple marly limestone seen in Lindley's stone quarries. On the 
eastern side the clay band is only about 2 feet wide. 

The next trough to the east is about 45 feet wide at the top, and is filled 
with the same sand, but has less clay at the sides. The easternmost one 
is about the same width, and is filled partly with limestone rubble and 
partly with yellow sand and stiff loam in irregularly contorted beds. This 

* Ann. Nat. Hist., Ser. 2, vol. vi., p. 264. 
f. Quart. Journ. Geol. Boc, vol. ix., p. 31 S. 
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trough had no clay lining at the side. The depth of the cutting here is 
about 20 feet. 

It is probable that the hollows are true swallow -holes* formed by the 
action of water in widening fissures in the limestone, and that the process ■ 
commenced when this rock was surmounted by a capping of Upper 
Estuarine Clay which gradually sunk into the hollow as it was formed. 

There are doubtless many such troughs and funnels on the plateaux of 
Oolite, and could they be detected aad mapped, they would probably in- 
dicate pauses in the removal of the Upper Estuarine Series, during which 
surface waters charged with carbonic acid entered the limestone at the 
same points for considerable spaces of time. Possibly, however, the water 
penetrating from the escarpment might produce linear or circular cavities 
in softer parts of the rock irrespective of the presence or absence of the 
upper clays on the surface, and the falling in of such caverns would cause 
the descent of irregular masses such as those described above. 



^ Q GEOLOGY OF S.W. LINCOLNSHIRE. 



CHAPTER XI. 
POST-GLACIAL DEPOSITS. 

RlVER-GRAVELS AND ALLUVIUM. 

1. General Description. ' 

Under the name of River-gravel we include all the deposits of 
gravel, sand, and loam which owe their origin to fluviatile agency. 
The most important of these deposits within the limit3 of our 
district are, connected. with the ancient watercourses of the rivers 
Trent, Witham, Devon, and Brant, and their mode of occurrence 
demonstrates the interesting fact that these rivers have not 
always occupied the valleys in which they now flow. So different 
were the early post-glacial courses of these rivers from those 
which they have since made for themselves, that the gradual 
change from the former to the present state of things has com- 
pletely altered the drainage system and has materially modified 
the minor physical features of the district. 

The history of these changes I shall endeavour to explain, 
taking the rivers in the order of their ancient importance and 
describing the general disposition of the long tracks of gravel 
and sand which appear to indicate the courses of their ancient 
channels, and offering some suggestions with respect to the 
causes which produced such great changes io the drainage system 
of the district. 

To this I append such notes as have come into my hands 
descriptive of actual sections, both of the older gravels and of the 
newer deposits connected with the modern courses of these rivers. 
Lastly, the still more recent deposits of alluvium and rainwash 
will be noticed. 

§ 1. Biver Gravels. 

1. Ancient course of the Trent. — The modern Trent pursues a 
general north-easterly course from Nottingham to Newark, and 
then turns northward to flow into the Humber. In ancient 
times, however, it appears to have continued its north-easterly 
course beyond Newark, and to have passed through the great 
Oolitic escarpment at Lincoln by the valley which is now occupied 
by the Witham. 

The series of gravels which mark this ancient course of the 
river commence between East Stoke and Farndon. A long 
patch of gravel here borders the modern alluvium for a distance 
of 2| miles, extending to the debouchure of the River Devon at 
Newark. Another tract of gravel more than a mile in width 
occupies the surface of the country south and west of Newark 
by Balderton and Barnby, curving round to the north and 
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ling out over the ground known as the Moors, N.E. 
of Coddington. The village of Winthorpe N.E of Newark also 
stands upon gravel which is continuous with the great out- 
spread just mentioned, so that the high ground of Beacon Hill is- 
almost entirely surrounded by these extensive gravel deposits- 
Their general character is that of a pebbly gravel with occasional 
seams of reddish-brown sand, frequently showing oblique lamina- 
tion; the pebbles are rounded and consist chiefly of quartz, 
quartzite, flint, Bunter Sandstone, with a few of granite, trap,. 
&c. A natural explanation seems to be that while at one time 
the course of the ancient river lay to the south of this high, 
ground, at another its channel was shifted so as to pass round on 
the northern side. From the northern border of' Sheet 70 a 
continuous tract of gravel-covered country stretches through 
Sheet 83 to the neighbourhood of Lincoln. 

If we ' admit that the Trent formerly passed through the 
Lincoln gap, the existence of that remarkable transverse valley 
is satisfactorily explained. It is then seen to be, part of the 
original transverse valley of the Trent, formed in Pre-glacial 
time, before the development of the escarpment, and when the- 
river flowed over an eastward-sloping plain of marine denudation.. 
After the glacial submergence the Trent re-occupied its ancient 
channel and received a tributary from the south which ran parallel 
to the course of the river Brant, and has left a long series of 
gravels which we proceed to describe. 

2. Ancient course of the Devon and Brant. — The sources of the 
Devon are to be found among the hills south ,of Belvoir Castle; 
thence it flows northward for a few miles, but suddenly turns- 
to the N.W. and -cutting through the low ridges of the Lias 
Ironstone and Bhretic beds falls eventually into the Trent. The 
Brant now rises near the village of Brajidon, which is situate in 
the Lias plain about 8 miles north of Grantham, and thence it 
flows nearly due north to join the Witham in Sheet 83. The 
river deposits however which occur in the Lias plain furnish good 
ground for believing that the Brant is the attenuated representa- 
tive of the ancient Devon, which formerly flowed down this 
great longitudinal valley and took a northerly course parallel to^ 
that of the modern River Brant. 

The first river deposits in the Devon valley are found at 
Knipton, where a terrace of gravel runs along the eastern bank of 
the stream as far as its junction with the" small tributary from, 
Harston. The next deposit occurs on the same side of the river 
north of Woolsthorpe, and this is continuous with a large- 
irregular tract of gravel and sand which disconnects itself from, 
the modern river Devon and extends in a N.N E. direction to 
the village of Sedgebrook. Here it is traversed by a tribu- 
tary of the Foston Beck which runs into the Witham. _ Lower 
down this beck a still larger tract of similar deposits commences, 
and stretches to the banks of the Witham near Marston. This- 
tract is largely composed of sand, and its shape suggests that 
older deposits have here been washed down and re-arranged by 

E 14304. p. 
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the waters of the modern streams, but the eastern portion lies 
at a somewhat higher level, and has the appearance of being a 
continuation of the Sedgebrook gravels. Moreover its strike, if 
the word oan be applied to a tract of river-gravel, points directly 
across the River Witham to a long and continuous deposit of 
sand and gravel, which stretches northward along the western 
slope of the shallow valley of the Brunt, and passes out of the 
Map about two miles north of Broughton on Brant. It is con- 
tinued in Sheet 83 and, though breached by the modern channel 
of the Witham, there can be little doubt th;it these Devon gravels 
were once continuous with those of the ancient Trent near South 
Hykeham. 

This long stretch of old river-gravel, crossed nearly at right 
angles by the modern course of the Witham, forms a remarkable 
parallel to the case of the Cam near Cambridge; where the 
modern stream has cut through a ridge capped by the gravels of 
an ancient river in a very similar way.* 

It is evident that when the Devon was a tributary of the Trent, 
the Witham must either have been a tributary of the Devon, or 
else that it took a very different course from that pursued by its 
modern representative. 

Ancient course of the Witham. — The present course of this river 
has been indicated in Chapter II., and can be seen on the map. 
As in the case of the Devon, we shall find that the modern river 
breaks away from a series of gravels which appear to indicate its 
ancient course. The upper part of its valley, from the river source 
as far as Grantham,, is entirely destitute of ancient river deposits, 
and appears to be a comparatively modern extension caused by the 
recession of the spring heads as the Boulder Clay was gradually 
stripped off the surface of the Inferior Oolite. 

The Grantham Valley clearly dates from more ancient times, 
as by shown its much greater width, and by the continuous series 
of gravels and sands which extend along its bottom. The sources 
of the ancient Witham seem to have been two small brooks, one 
draining off the Boulder Clay heights above Ponton, which has 
.subsequently extended itself in the way above mentioned ; the 
other being the brook now known as Mowbeck, the course of. 
which appears to have been shortened instead of lengthened. The 
existence of a continuous strip of gravel from Grantham past its 
present source near Barrowby Mires as far as the reservoir north 
•of Denton indicates that its former sources were in the neighbour- 
hood of the last-mentioned village. At this early period the 
Marlstone doubtless had a continuous extension round the head of 
the valley, and the brook was supplied by the numerous springs 
issuing from the base of the Marlstone rock. Accessions from a 
similar source were received then as now all along the valley. 
Grantham stands at the junction of these two tributary valleys, 
and thence thick deposits of gravel extends northwards, first on 

* " Geology of the Neighbourhood of Cambridge," Mem. Geol. Surv., p. 98 and 
Map. 
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the left hank of the present river, and then on the right bank as 
far as Barkstone. Here tiie modern river bends away westward 
through a gap in the hills which form the western side of the 
valley, put the sands and gravels are continued northward into the 
valley of the Honington Beck, which rises near Ancaster and 
flows westward through a broad gap in the escarpment of the 
Lower Oolite. 

This gap is in fact one end of a transverse valley which cuts 
completely through the ridge of Jurassic rocks, and opens out on 
to the Fenland at Sleaford. Like other transverse valleys, it pro- 
bably owes its origin to the erosive power of a stream which ran 
eastward across the Oolitic tract before the escarpment was 
developed, and in times long anterior to the glacial period. 
Whether the Witham was a tributary of this eastward-flowing 
stream in their pre-glacial times we have r.o .means of knowing, 
but the connection between the gravels of the two valleys renders 
it highly probable that in early post-glacial times the Witham did 
take this course, and flowed eastward through the Ancaster and 
Sleaford Valley. 

The broad area of gravel west of Ancaster now forms the water- 
shed between the Honington Beck flowing westward, and the 
nameless beck flowing eastward to Sleaford. It is impossible that 
this gravel could have deposited by either of these modern streams, 
and it may therefore be taken as confirmatory evidence that some 
larger river has at one time flowed through this valley. 

A reference to the map will show that eastward of Ancaster 
the modern beck is fringed by beds of sand and gravel, which "run 
up into the lateral hollows of the valley, and spread out over the 
low ground south-west of Sleaford, as if they were the remnants 
of deposits that once had a wider extension, and had been partially 
re-arranged by the modern stream. 

Issuing from the mouth of this valley at Sleaford, and commenc- 
ing on the south side of the present stream, a broad spread of 
gravel stretches eastward by Kirkby Laythorpe and Asgarby to 
Heckington Eau, where it passes under the peat and silt of the 
Fenland beyond. 

It would appear, therefore, that the early, post -glacial course of 
the river Witham may only have coincided with its present course 
as far as Barkston, and that it then flowed onward and eastward 
through the Oolitic escarpment along the transverse valley above 
described, debouching into the great bay which is now occupied by 
the Fenland, but was then covered by the waters of the Wash. 

It is a noteworthy circumstance that the watershed which 
crosses the valley near Ancaster, is parallel to, and in close 
proximity to the axes of the two anticlinals described on p. 58, 
and further it must be remembered that these anticlinal folds 
differ from the others that occur to the southward in having a 
north and south strike. These facts are so suggestive that one is 
naturally impelled to connect the production of the anticlinal with 
the diversion of the Witham from its ancient course. Moreover, it 
is not only the Witham which has been diverted westward, but the 

g 2 
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Devon has also been deflected in the same direction, and the cause 
above suggested would of course be likely to produce this double 
result. 

In the case of the Witham, it is of course necessary to suppose 
that the edge of the escarpment had retreated nearly to its present 
position, and that the gap opposite Barkston had been so lowered 
"by the action of springs, that it was easy for the river to make its 
way through when the anticlinal rose across its bed near Ancaster. 
It is true that this involves the assignment of a very recent date 
to the uplift, but at least one parallel case has been described 
(vide Darwin, Voyage of the Beagle, Ed. 1864, p. ). 

2. Details op Sections. 

The following are all the particulars of the sections in the river deposits 
that I have been able to collect, the materials placed in my hands being 
very scanty in this respect : — 

Trent Gravels. — At a distance of one mile N.E. of Farndon, Mr. 
Holloway notes a depth of 15 feet of gravel. Near Balderton, by the bide 
of the railway there are gravel pits, but he gives no. description of them, 
beyond noting the presence of Quartz, Quartzite, Flint, and Lias Pebbles. 
Near the- old Bleaching HouBe at Winthorpe, Mr. H. B. Woodward found 
pits showing 8 feet of gravel, very pebbly, with- seams of reddish brown 
sand, obliquely laminated. The stones are chiefly Quartz, Quartzite, and 
Flint, With Sandstone (PBunter) and Granite, &c. 

Bromt Gravels. — The following notes are by Mr. "W. H. Penning : — 
A Gravel Pit, half-a-mile N.E. of Brant Broughton, exposes — 

feet. 
Sandy soil - - - - 1 

Brown sand - - - - - - - H 

Fine angular flint and oolitic gravel - - - - 1% 

Blue Clay (Lias) thrown out from below ; seen also in pond just east of 
above. 

The large Bpread of Sand, &c. about Brant Broughton nowhere attains 
any great thickness. It is exposed in many ponds, from the bottom of 
which Blue Clay has been thrown out, and it is dug, in many places, for 
building sand and very 'fine gravel, the pits being again filled in at the 
time. The sand yields water near the surface. 
Brickyard, half-a-mile S. of Brant Broughton. 
The section varies* but is- generally — 

feet. 
Sand and gravel, in places - - - - to 2 

Grey brick-earth, black below - - - 2 — 3 

Brown clayey sand, in places - - — 1 

Grey shaly clay, non-calcareous, sandy and micaceous - — 4 

Witham Valley. — The following information as to the depth of the- 
gravel and sand beneath Grantham was obtained by Mr. Holloway from 
Mr. Marsh, of Grantham. 

" Sections in making a drain along the roadway at North Parade, from 
the first house S.E. of the railway bridge to opposite Union Street. 

feet. 

1. Opposite the first house — Gravel - - - 3^ 

Blue clay - - - - 5 

2. Opposite Charles Street — Gravel - - - - 6 

Blue clay - - - 12 

3. Opposite New Inn, North Parade — Gravel- - - 6 

Clay - - -3 

4 Opposite Broad Street — Gravel and sand - - - 71 
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The drain has a fall of 1 in 250 towards Union Street. A cross drain in 
Broad Street gave a section of 14 feet of fine gravel and sand. In Charles 
Street there is 5 feet of gravel ; in Westgate there is said to be a depth of 
26 feet of gravel and sand " (see Appendix, Wells, No. .20.) 

" In Brook Street, Little Gonerby, at the new houses at the bottom of 
Gladstone Terrace a well was dug to a depth of 25 feet, all sand and 
gravel. (Information from Mr. Marsh.)". 

Devon Valley. — A gravel pit 2 furlongs N.E. of Knipton Lodge (near 
Belvoir) shows about 5 feet of. dark brown sandy gravel, mainly com- 
posed of fragments of Marlstone from the slopes above. At the north 
end of the village a well was sunk for 12 feet through sand into ' ' strong 
gravel." 

In the brickyard 2 furlongs N.W. of Botfcesford church, along the 
north side of the pit, a stiff yellow clay is seen underlain at the depth 
of 8 feet according to the workmen by a bed of dark earth containing nuts 
and vegetable remains, often trunks of large trees, and resting on sandy 
gravel. 

A similar section occurs in the brickyard half-a-mile W.S.W. of the 
church; here I observed the following deposits : — 

feet. 
Light brown clay becoming bluish below, penetrated by 
rootlets throughout, and containing streaks of brownish 
sand - - - - 10 

Black sandy earth, full of wood and tree trunks - 1 

Gravel below, said by workmen to average - - - 2 

In the gravel deer-horns and a human skull are said- to have been 
found. The gravel and black earth thin out against a slope of Lias clay 
to the northward. It was probably from this pit that the remains of 
JSlephas Bos and Oervus referred to by Mr. Brodie were obtained.* 

Sleaford Valley. — I am indebted to Mr. W. H. Wheeler, C.E., of Boston, 
for the following particulars of the section in the Ballast pits at Sleaford, 
near the junction of the lines from Spalding and Boston : — 

feet. 

Soil 1 

Bed sand and gravel of limestone pebbles - 2£ 

Light coloured sand ... - - 2 ? 

Small pebbly gravel with interstratified layers of sand - 4 

Coarser gravel than above .... of 

Sand to bottom of pit - - - - - - 3 

Mr. Holloway records the fact that several teeth were found here at the 
depth of 9 feet, and part of an elephant's tusk at the depth of 11 feet. 

Mr. Holloway has left the following note of the section seen in the 
Ballast pit at Kirkby Laythorpe : — 

feet. 
Soil - - - - - - - 2 

Gravel, consisting principally of flat pebbles of Cornbrash 
and Great Oolite, with some of sandstone, but scarcely any 
flints - - - - - - - - 3 

Sand with very few pebbles - - - - 3 

Sandy gravel with very small pebbles - - - - - 

The gravel to the south of. Kirkby and Asgarby lies at a much lower 
level (17 to 20 feet), and has probably been re-arranged. Near the stream, 
south of Boughton, Mr. Skertchly found a pit " exposing 4 feet of 
small gravel, consisting chiefly of oolitic detritus, well rounded, and 
evenly stratified." From Winkhill, eastward by Courtrow Farm and 
Holme House, gravel and sand occnr at a slightly higher level. There 
are pits north of Winkhill Farm where gravel is dug, the pebbles being 
chiefly rolled fragments of oolite with some quartzites and stones derived 
from the Boulder Clay. Opposite Courtrow Farm sand has been dug for 
a depth of 5 feet. 

* Ann. Nat. Hist. Ser. 2., vol. vi., p. 256. 
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3. Alluvium, Rainwash, and Tufa. 

Alluvium.— The small portion of the alluvium of the Trent 
Valley which comes into the N.W. corner of our sheet, has 
an average breadth of about two miles. It includes several insular 
tracts of gravel near Newark, and indeed, the more recent river- 
gravels have not been completely separated from the alluvium 
proper on the map ; for a long tract of gravelly soil extends 
through the villages of KLelham and Averham on the N.W. 
side of the Trent, and another patch of gravelly soil occurs by 
Morton and Fisherton. 

In the Witham Valley the largest tract of alluvial ground is 
that formed by Bennington and Balderton Fens. 

Mr. Holloway was informed that in cutting the Shire Dyke, the follow-; 
ing section was exposed near Olaypole Lane : — 

feet. 
Soil, rather stiff and clayey 1 t 

Black peat - - - 1 

Silt, not bottomed but dug to - - 7 

The silt is so porous that since cutting the large, drains the water has 
been entirely carried off by this subsoil, ana the land has not needed any 
further drainage. 

At Shire Bridge this peaty alluvium is underlaid by' gravel, but west- 
ward I was informed that the black soil of the Fen was generally underlaid 
by a layer of white clay, beneath which sand was everywhere to be found. 
Along the road which crosses the south part of Bennington Pen, sand and 
sandy gravel are seen in all the ditches beneath the alluvial soil. A 
narrow tract of black peaty soil also occurs along the border of the sandy 
ground west of Long Bennington. 

In the valley of the Devon and its tributaries, there are several 
long tracts of alluvium. One of these lies between the villages of 
Bottesford and Staunton, and is known by the name of Chip- 
pendale. 

The following section was observed by Mr. W. H. Dalton in the arti- 
ficial channel made for the Devon along the new railway north of 
Bottesford : — 

Brown sandy loam - - i 

Blue silty clay - - L = 6 feet. 

Earthy gravel - - - J 

The several members vary considerably in thickness. 

The Smite runs through a broad strip of alluvial land all the 
way from Aslacton to its junction with the Devon. North of 
Aslacton, there is a patch of gravelly soil, which however is not 
separated on the map from the alluvium of another small tributary 
the course of which is parallel to that of the Smite. South-west 
of Scarrington, and at other points along the Car Dyke, the 
alluvium is Underlaid by a layer of white clay. 

The only other alluvial tracts worth mentioning are those which 
lie east of Ancaster and west of Sleaford. 

The latter consists generally of Bhell-marl overlying peat, but in a part 
of Quarrington Fen, one mile west of Sleaford, a ditch-cutting on the 
north side of the railway exposed the following beds (noted by Mr. 
"Holloway) : — 

feet. 
Black peat - ' - - . - 2£ 

Coarse gravelly silt ■> - - - 1£ 
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Rainwash. — In the south-west part of the area there are several 
small patches of sand which do not seem to be of glacial age, and 
are probably deposits formed by the action of rain during the 
post-glacial detrition of the country. 

Sand lias been obtained from pits close to the edge of the map three- 
quarters of a mile south of Long Clawson ; here in 1871 Mr. Skertchly 
found about 12 feet of pinkish-brown siliceous sand diagonally bedded and 
containing a few pebbles of Coal-measure sandstone, quartzite, and flint. 

A larger patch of sand occurs on the road from Pitfield Lodge to East- 
well, about a mile N.E. of the former place. Here I found in 1883, 
about 12 feet of soft brown pebbly sand, including in one place a bed of 
hard loam with bluish streaks (14 feet thick); the. pebbles were chiefly 
small fragments of dark brown shining ironstone (? from Marlstone), with 
some few bits of Marlstone rock, small quartzite, and sandstone pebbles 
from the Boulder Clay. It lies in a slight hollow. 

In Belvoir Park,, about a mile south of the Castle, and near the bottom 
of a deep valley, there is a sandy deposit which has probably been accu- 
mulated by the detritive action of heavy rains on the Marlstone slopes 
above. A pit opened in this deposit near the pond exposes 8 to 10 feet of 
stiff compacted brown sands distinctly stratified and containing small 
scattered fragments of ironstone, with marly layers here and there. 

In the valley, on the east side of Eaton, there is a sand pit iu which 
Mr. Skertchly found i: pink siliceous sand with a few flints and pebbles 
of ironstone (either Marlstone or Northampton Sand) ; the depth seen was 
about 10 feet. It bears precisely the same appearance as the sand asso- 
ciated with the Boulder Clay, even to the carbonaceous markings, but 
here it can only be a reconstruction of that deposit by the stream in whose 
valley it is found." It is of very limited extent, and probably owes its 
accumulation more to the action of rain than of the rivulet below. 

Mr. Penning remarks that, " There are several patches of sand 
on the heath lands, but it is impossible to map them all, owing to 
the sandy nature of the soil generally and to the scarcity of pits. 
There are also many small patches of sand, or rather of down- 
wash, in the small dry valleys in the Lower Oolite; in some cases 
clean sand is found throughout the entire length of. the ' bottom,' 
for instance, in the dry valley from Navenby to Dunston (in 
Sheet 83). 

" One such patch of sand ocpurs half-a-milo E. of High Grange Farm 
(3 miles east of Wellingore) ; in it was a small pit, now filled in, in 
which the sand is said to lie more than 20 feet deep : it lies on the flank of 
a small valley, and occupies but a small extent. 

" There is a small pit in another patch E. of Ashby Lodge, showing 
2 feet of fine oolitic gravel ; and another about a mile N . of Byard's Leap 
in which 3 feed of dark brown sand is exposed ; this patch also lies on 
the flank of a small dry valley." 

Tufa. — In a field about 5 furlongs N.E. of Osbournby, Mr. Hollo- 
way found a large mass of tufa about 55 feet by ,36 feet in extent and at 
least 2 feet thick. " It appears to.be merely calcareous at the top, but 
becomes very ferruginous at the bottom. This is probably the spot where 
the Spa existed mentioned by Camden as present at Aswarby. An ancient 
stone cistern near the summit of the hill S. of the village, near the 
junction of the Boulder Clay with the Oxford Clay is probably the site of 
this spring, which is said to have been resorted to by persons suffering 
from diseases of the eyes. It is said to have ceased flowing since the 
brick-pit was opened on the hill close by. A ferruginous deposit is seen 
in the drain on the east side of this field." 

Another spring also credited with medicinal qualities occurs in a like 
position at Haverholme. 
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CHAPTEE XII. 

The Fen Deposits. . 

Of the area known as the Fenland only a small portion comes 
within the limits of Sheet 70. The Fen Deposits may be • 
described as a variable series of sands, silts, and clays, with inter- 
calated layers of peat ; the whole resting on an uneven surface of 
Boukler Clay. 

Mr. Skertchly has shown* that the materials of the clays and 
silts were not supplied to any great extent by the rivers which 
drain into the Fenland, but have \jeen brought by marine cur- 
rents and deposited by tidal action. The process is still going on 
•along the shores of the Wash; where it has been shown that in 
some places a breadth of 3 miles has been added to the land since 
the Eoman occupation. Hence the Wash is not an estuary but a, 
bay, the Fen deposits are not estuarine, but marine, and the Fenland 
itself is not an ancient estuary, but a silted-up bay. The only 
portions which can be considered as estuarine are those arms or 
inlets which extend up into the valleys of the larger rivers, such 
as the Witham, Ouse, and Cam. 

The earliest beds deposited over the floor of this large bay 
appear to have been gravels and sands, to these succeeded silts 
and clays which, however, were not accumulated rapidly and con 
tinuously over the whole area, but^lowly and locally as changing 
currents caused the silting-up first of one tract and then of another. 
There were, moreover, pauses during which these tracts became land- 
surfaces upon which trees grew and vegetation flourished. Layers 
of turf or peat containing such vegetable remains occur at various 
horizons interstratified with the marine silts and clays. Such 
being the manner in which the Fen -beds were accumulated we 
cannot expect to find them occurring in the same regular vertical 
succession in all parts of the district; no single layer of peat 
spreads over the whole area, but all alike — peat, clay, and silt — 
are irregular and lenticular accumulations. 

It is remarkable, however, that, although there is no definite; 
order of succession among the Fen Deposits, yet when viewed 
■geographically the Fenland exhibits three distinct tracts or areas 
which possess different kinds of surface soil. These are : — 

1. The Gravel-land. 

2. The Peat-land. 

3. The Silt-land. 

Mr. Skertchly has described the chief characteristics of these 
tracts, and the following is condensed from his account of 
them : — f 

1. The Gravel-land forms a border round the greater part of 
the Fen District, sending out prolongations into the other tracts, 

* " Geology of the Fenland," Mem. Geol. Surv., pp. 8, 173. 
t Op. oit., pp. 3, 4. 
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and sometimes forming islands surrounded by the later deposits. 
'" It is elevated a few feet above the general surface of the peat 
which (in Sheet 70) lies to the (south and) east of it, and to 
which it gently slopes. Numerous villages stand upon it finding 
a good solid foundation and a fair water supply. It was early 
enclosed, bordering as it does upon the high land, and tokens of its 
early culture are seen in the hedge-rows, found almost exclusively 
upon ancient enclosed lands." 

2. The Peat-land. — This tract, in Sheet 70, forms a narrow 
strip of land near the western border of the Fens, but inter- 
vening between the gravel-land on the west and the silt-land on 
the east. " Its peculiarities are the perfect evenness of the sur- 
face, the absence of hedge-rows, and the undeviating character 
of the long roads or c droves.' The even surface is a consequence 
of the mode of formation of the peat. The absence of hedge-rows 
results from the comparatively modern date of the enclosure ; and 
the long, straight roads follow the course of the ' dykes ' or drains, 
by which the land is retained in a fit state of culture." So bad 
is the foundation which it affords that not a single village has been 
built upon this tract. 

3. The Silt-land. — This division occupies all the central and 
eastern parts of the Fenland, and is equal in extent to one -half of 
the entire district. In Sheet 70 it occupies the eastern portion 
of the map, and covers an area of about 150 square miles. " The 
soil is clayey and silty, and the surface of the land somewhat 
uneven, thereby affording a marked contrast to the level surface 
of the peat. The general elevation is somewhat higher than that 
of the peat-land, averaging about 1 5 feet ahove Ordnance datum 
(but only 5 feet above mean high-water mark at Boston), 
Tillages and towns are plentifully distributed upon it, as the 
silty beds afford good foundations. No water can be obtained 
by wells, except in small quantities and of inferior quality. 
Hedge-rows are plentiful and the roads often remarkably crooked 
as may be seen to perfection between Donnington and Bicker." 

In describing the geology of that part of the Fenland which is 
included in Sheet 70, it will be convenient, in the first place, to 
consider the deposits of sand and gravel which occur round its 
borders ; secondly, the clays and silts which form the greater part 
of its surface, and, thirdly, the superficial peat which occupies 
the intervening tracts. 

§ 1. Sands and Gravel along the Border of the Fens-'. 

The gravels which skirt that portion of the Fenland which 
comes into Sheet 70 have been described by Mr. Skertchly in his 
Geology of the Fenland. That Memoir was written, however, 
before the "highland " area surrounding the Fens had been com- 
pletely surveyed, and the author was obliged to describe the 
gravels rather from a Fen point of view, taking the several out- 
spreads in the order of their geographical occurrence. At the same 



100 GEOLOGY OF S.W. LINCOLNSHIRE. 

time he perceived that they could not be regarded as constituting 
a single deposit, and recognised the fact that they were separable 
into several divisions, differing in age and mode of formation. 
Mr. Skertchly thought they could be classed as follows:— 

3. Ancient valley gravels, often fossiliferous. 

2 Marine gravels, forming beaches round the Fen-basin. 

1 Flood-gravels, formed during a period of excessive rainfall. 

Having had the advantage of surveying the districts which 
form the northern and southern borders of the Fenland, I have 
been able to trace the courses of some of the ancient rivers and 
to indicate the long ridges of ancient river-gravel which appear to 
form the continuations of those pointed out by Mr. Skertchly. I 
fully concur, therefore, in the distinction' which he draws between 
these old river-gravels and the marine gravels of the Fenland, 
but I am not convinced of the separate existence of those which 
he terms " flood-gravels." There is no necessity, at any rate, for 
supposing that any of the gravels in Sheet 70 have so originated, 
for all of them can be referred to one or other of the two former 
series. 

In the present Memoir I shall rot attempt to do more than 
indicate (1) those which connect themselves with the ancient 
fiver-gravels, (2) those which appear to have been shore-deposits 
around the silted-np bay of the Fenland. 

A. — Gravels of the Ancient Estuaries. 

In Sheet 83 to the northward, there is a remarkable series of 
gravel patches, resting on the Boulder Clay which borders the 
west side of the old Witham estuary. There is some reason to 
think that these gravels are connected with the ancient course of 
the Trent, and that much of the. material composing them has 
been brought through the gap at Lincoln. The more southern 
patches cap the long ridge of ground which enters Sheet 70 by 
Thorpe Tilney, and which slopes down to the Fens on either 
hand. Though now a ridge, this may once have been part of the 
bottom of the Trent . estuary, and, therefore, at that time, nearly 
the lowest ground in the district ; the gravel has served to protect 
the ground from rapid pluvial detrition, while the Witham on the 
one hand, and the Scroby Beck on the other, have excavated their 
channels down to a lower bane-line, thus leaving a ridge between 
them, along the top of which portions of the old gravels are 
still preserved. Similar ridges, capped by ancient river-.gravels, 
have been described in Cambridgeshire, and are cut through by 
the modern river Cam.* The gravel-capped ridge above mentioned 
enters Sheet 70 near Thorpe Tilney, and is continued in a south- 
easterly direction by Walcott, Billinghay, and Kyme, where it 
sinks under the level'of the Fen. 

* See " Geology of the Neighbourhood of Cambridge," Mem. Geol. Survey 
pp. 88 and 96. 
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Two pits near Thorpe Tilney show about 5 feet of fine, stratified, sandy 
gravel, the stones being chiefly small well-rounded pebbles of quartzite, 
hornstone, and other old rooks, washed by the Trent out of the Triassic 
conglomerates west of the Oolitic escarpment. These pits are at a height 
of about 50 .feet above the Fen-level.* 

By Walcott the ridge is entirely denuded of gravel, which, however, seta 
in again about half-a-mile south-east of the village, and there are large 
pits west of Billinghay, and near the north end of Kyme causeway. 

Hereabouts the composition of the gravel is variable, waterworn flints 
and chalk and Oolite pebbles (derived from the Boulder Clay on which it 
Tests) being sometimes as numerous as those from more distant sources.! 
The height of the surface is from 30 feet to 40 feet. 

Between North and South Kyme the gravel forms an island in the Fen, 
and about 20 feet above its level. It everywhere contains the rounded 
pebbles of Palseozoic rocks which serve to characterise the Trent gravels. 
Beyond South Kyme it cannot be traced, being cut off by the more recent 
line of drainage from Sleaford. 

Another get of ancient river-gravels runs eastward from 
Sleaford, and have been already described in connexion with the 
ancient course of the Witham. 

B. Marine Gravels and Sands. 

Gravels near TattershaU. — These sands and gravels, of which 
the inland continuation will be described in the memoir on Sheet 83, 
spread out over a large surface round Coningsby and Thornton-le- 
Fen, but the depth to which they extend is seldom more than 
10 feet, and often much less. The stones they contain appear to 
be entirely derived from the destruction of the Boulder Clay on ' 
which they rest. 

Mr. Skertchly observes that "in walking from Coningsby by Keedham 
to New York- the gravel becomes more and more sandy, and from a very 
flinty material passes into a sand containing scattered flints, chalk, and 
other pebbles. Occasional seams of clay occur, and at the Catch-water 
Drain bridge the Boulder Clay (blue and full of chalk) is exposed at a 
depth of about 8 feet."f 

At the gravel pits N.W. of the bridge over Howbridge Drain 5 feet of 
sandy gravel were seen underlaid by a bed of peat 6 inches thick resting 
on Boulder Clay. 

At New York and Hundle Houses the Boulder Clay is at the surface, 
and around Thornton it is seldom covered by more than 3 > feet of sandy 
gravel, except along Coping Syke Boad, where it appears to be from 5 to 
9 feet. thick (Skertchly). 

The most complete section observed was in a gravel pit 200 yards north 
of Bunker's Hill (N.E. of Thornton), and the following is condensed from 
Mr. Skertchly 's description of the section. § This pit is now closed, but 
the general section visible in 1871 was as follows : — 

feet. 
Peaty soil 1 

Siltly clay and sandy silt - - to 10 

Gravel ■ - - - 10 to 15 

Boulder Clay - - - 10 + 

The surface, of the Boulder Clay is very irregular, its depth from the 
soil varying as much as 5 feet. The, gravel is very much coarser at the 
base where it rests on the Boulder Clay, gradually passing upwards from 
a coarse shingle to a fine sand. The surface of the gravel is also irregular, 

* See " Geology of the Fenland," p. 199. 

f Skertchly, Loc. cit. 

J " Geology of the Fenland," Mem. Geol. Survey, p, 196. 

§ Loc. cit., p. 198. 
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the clay filling up the hollows or lying-in " pot-holes," but increasing 
steadily in thickness towards the south, thickening from to 10 feet in 
about 100 yards. 

The composition of the coarser parts of the gravel is peculiar; large 
angular flints, rounded masses of fine-grained granite with black quartz, a 
foot square, large pieces of coarse grit and large water-worn lumps of soft 
chalk, together with pieces of mica-schist, quartzite, Coal-measure sand- 
stone, Carboniferous Limestone, Bunter (?) sandstone, Great Oolite lime- 
stone, Lias limestone, nodules of clay ironstone, and masses of laminated 
shale (? Kimeridge). 

Prom Thornton-le-Fen this sandy gravel stretches in a south-easterly 
direction to within a mile of Gipsy Bridge, where it appears to be over- 
laid or cut out by the Fen-silt. 

Passing now to the eastern border of the fens, and commencing 
at the north edge of the sheet, a tract of gravel is found between 
Kirkby Green and Digby Fen, which is clearly connected with the 
fen-beds, though it passes beneath them, and is probably of marine 
or estuarine origin. 

Mr. Skertchly describes this as " typical fen gravel," and states that it 
is well exposed in an extensive pit between the branch road west.of Digby 
Grange and the plantation marked on the Ordnance map. "The pit is 
from 3 feet to 5 feet deep. The first foot of the section consists of sand 
stained to a dark tint for the upper few inches. The gravel which 
occasionally rises to the surface is regularly stratified, and lies for the 
greater part in perfectly horizontal layers. ... It is almost exclu- 
sively composed of good-sized fragments of flat, water-worn flakes of 
Oolite rock. Flints and pebbles of older rocks occur very sparingly." 
The gravel in the valley at Digby is doubtless of fluviatile origin, though 
continuous with the above. , 

Gravel between Ruskington and Sleqford.-^-This was surveyed 
by Mr. Dalton, who states that it forms' a wide tract " surrounded 
on all sides by hills through which a narrow passage allows the 
escape of the drainage, appears from the following note to be of 
marine, or, more probably, estuarine, origin, though in the im- 
mediate neighbourhood of the larger streams its upper part at least 
has doubtless been resorted." It is said that "At Roxholme, 
near Sleaf ord, there exists a silty substratum abounding with cockle 
and other ordinary sea-shells.* 

Mr. Dalton informs me that " besides many temporary openings, the 
gravel is dug about three furlongs W.N.W. of Buskington, and also a 
mile S.S.W. of the same village. It consists mainly of partially-rounded 
fragments of Cornbrash, with occasional beds cf fine loamy sand, probably 
of the same origin." 

An outlying patch of this gravel (not marked on the map) occurs near 
the Plantation on the east side of the high road, 14 miles N. of Lea- 
singham, and the following section was noticed by Mr. Holloway in a 
pond in the S.W. corner of the Plantation : — 

feet. 
Gravel, variable but mostly sandy - - - 5 

Black purplish and greenish clays - - -Si 

Above the level of this section, in other parts of the Plantation and in 
' the adjoining field, gravel is seen, made up entirely of angular fragments 
of the Cornbrash and Great Oolite limestones. 

Gravel near Osbournby, — A similar inlying tract of gravel has 
been mapped between the villages of Osbournby and Scredington, 
south of Sleaford. 

* " Sleaford, &&," by Archdeacon Trollope. 
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Mr. Holloway has left the following note on the gravel, seen in a pit 
opposite to the junction of Mareham Lane with the side road to Osbournby : 
— " The gravel here is very variable in character, sometimes very sandy, 
and containing seams of very small chalk pebbles, with some of oolite ; 
while in other places it is chiefly made up of oolitic debris. Mints are 
abundant, but large pebbles are comparatively rare." 

The stream which traverses this tract of gravel makes its way out at 
the northern end through the low hills by Scredington and Burton ; but 
from Spanby a narrow strip of gravel leads eastward to Swaton, where 
another strip of marine gravel begins. Whether the low ground east of 
Osbournby was a freshwater lake, or whether it formed an inlet of the 
sea during the formation of the beach gravels there is no evidence to 
determine. 

Gravel between Swaton and Bourn. — The atrip of gravel which 
borders the western edge of the Fenland has been described by 
Mr. Skertchly in the -Memoir already referred to; he, however, 
did not separate these Postglacial Gravels from the Glacial Gravels 
which occur between Heckington and Swaton. A recent revision 
of this area has shpwn that the Fen Gravel does not occur to the 
north of Swaton, but sets in on the south side of the road leading 
eastward to Swaton Fen. 

Such of Mr. Skertchly 's observations as really relate to the 
marine gravels are incorporated in the following description : — 

In the ditches separating the fields between Swaton and Bridgend 
Priory gravel, consisting of small fragments of the oolitic limestones, is 
everywhere seen. At the Priory the gravel is thin and sandy, and the 
Boulder Clay seems to be near the surface, but deep gravel sets in again 
to the S.W. by Horbling and Billingborough, and continues southward 
in a continuous strip as far as Morton. 

Tongues of gravel run westward for a greater or less distance up most 
of the little valleys which here open on the Fenland, and though the upper 
portions of these are doubtless entirely of fluviatile origin it was found 
impossible to separate their eastern portions from the beach gravels, into 
which there is probably a complete passage. 

Mr. Skertchly* states that "the gravel is everywhere of much the 
same character, consisting of pebbles of oolitic limestones, angular 
weathered flints, and a few pebbles of older rocks, such as Coal-measure 
sandstone." At the-Hoe Hills, S. of Millthorpe, it is dug to a depth of 
six feet. 

" The only noticeable variation is seen in a pit S. of Dowsby, near the 
103 milestone. The deposit here is a sandy gravel ; the sands are siliceous 
and the pebbles mostly chalk. So prevalent is the chalk that the section 
is quite white. In other respects it is like the ordinary Pen gravel, into 
which it passes laterally. The chalk pebbles are mostly waterworn, but 
some of the larger ones are striated. A trail of sandy clay, from one to 
two feet in thickness, but very variable, overlies the sand and gravel 
beneath the soil." 

Similar chalky gravel, covered by sandy wash, is seen in a pit at Dunsby, 
see p. 69. 

Sandy gravel, resting on Kellaways Beds, was observed by Mr. Skertchly 
in a pit on the east side of the Car dyke S.E. of Bippingale Station. 
Again, at the west end of Lane Dyke (Haconby Pen), he found the 
following section exposed in a side dyke : — 

feet. 
Clayey alluvial soil - - - - - If 

Yellow sandy gravel - - - - . .4 

Sandy blue and yellow mottled beds (? Kellaway) . . 2 



* Geology of the Fenland, p. 185 and p. 281. 
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By Morton and Dyke the western part of the gravel is broken np into a 
series of outlying patches separated by a strip of Oxford Clay from the 
continuous beach-like strip which still continues to skirt the Fenland. 
There are gravel pits by the railway a mile south of Dyke, and 4 feet of 
gravel overlie Oxford Clay and Cornbrash in the stone pits near the west 
end of Bourn Drove. 

The sections in the pits near Bourn have been given on p. 68, and that 
in the Old Town pit is shown in Fig. 13, which is taken from Mr. 
Skertchly's Memoir : — 

Fig. 13. 
Section in Old Town Pit at, Bourn. 
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a, Cornbrash. b, Boulder Clay, c, Gravel, 

The gravel rests on an eroded surface of Boulder Clay, and the pebbles 
are chiefly fragments of Oolite, with flints sparingly scattered throughout. 
The strip of gravel described above appears to be continued eastward 
beneath the more recent clays and peats of the Pen, which almost every- 
where repose upon a basement layer of gravel and sand. This basement 
layer, or "floor gravel," as Mr. Skertchly terms it, spreads also under 
Holland Fen northward to the Witham. 

At G-uthram Cote, between Spalding and Dyke, this underlying gravel 
rises to the surface and forms a small island entirely surrounded by the 
silt, beneath which the gravel dips on every side. 

Near Spalding gravel has been found in boring wells at a depth of from 
28 feet to 33 feet, and resting on Boulder Clay. In Quadring Low Fen it 
is said to occur in a similar position at a depth of 25 feet. At Blotoft 
Farm two miles 1T.B. of Donington, 6 inches of fine gravel and sand 
was seen by Mr. Skertchly," underlying 5 feet of silt, and resting on 
Boulder Clay ; he also learnt that in the Six Hundreds east of Heckington 
gravel occurs at a depth of 10 feet below the silt and clay. It also 
underlies South Kyme Fen and "Waith Common. _, 

At 'Holbeach, in Sheet 69, soft sand, containing many small marine 
shells, is found at a depth of 28 feet. Mr. C. Frow, of Spalding, has sent 
me the details of the boring and specimens of the shells, among which I 
have identified the following :— 

Pleurotoma rufa, Mont. 

Litorina, rudis, Maton. 

,, var patula, Jeff. 

Hydrobia lilvse, Pennant. 

Bissoa striata, Mont. 

memhranacea, Adams. 

Skenea planorbis, Tate. 

Trochus sp. 

Oylichna obtusa; 

— mammillata P 

Cardium punctatum? 

Associated with these are many Foraminifera of which the following 
have been kindly named for me by Mr. H. B. Brady :— 
Bilooulina elongata, D'Orh. 
Miliolina seminulum, Linn. 

Brongniarti, D'Orb. 

subrotunda, Mont. 

Rotalia Beccarii, Linn. 

Polystomella striato-ptmctata, F. fy M. 
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Mr. 0. Frow has also informed me that at Herring Bridge, Pinchbeck, 
on the newly-made line from Lincoln to Spalding, the railway company 
sunk caissons in the bed of the River Glen, passing through the clay and. 
silt, and finding at the base a layer of peat resting on a bed of sand, 
beneath which is the solid Boulder Clay. The sand bed is pierced at a 
depth of about 30 feet below the summer height of the Glen water and 
35 feet below the surface of the land outside the banks. The caissons are 
sunk into the Boulder Clay. 

In Twelves brickyard, Billinghay Dales, Mr. Skertchly notes that quick- 
sand full of shells is found beneath 14 feet of clay and silt. At the east end 
of Billinghay and in Walcott Fen sand is also found beneath the Fen 
clays. 



§ 2. The Silts, Clays, and Subterranean Peat Beds. 

Before the publication of Mr. Skertchly's Memoir on the Fenland 
it was generally supposed that the clays were older than the silts 
and that there were usually only two layers of peat, which were 
consequently called the older and the newer peat beds. It was 
thought that a thick deposit of " Buttery Clay " everywhere formed 
the sub-stratum of the country, that the lower peat occurred near 
its base, and that it was continuously overlaid by the upper peat ; 
further, that this upper peat sloped seawards beneath marine 
silts which were altogether different from the " Buttery Clay." 

The result of Mr. Skertchly's survey was to prove that there 
was no such regular order of succession, but that the different 
clays and silts were only different phases of one deposit, and that 
they were all of marine origin. He says that though " Buttery 
Clay in its typical character can be easily discriminated, yet it 
merges into Scrobicularia clay on the one hand and sandy warp 
on the other."* Again, with regard" to the peat-beds he has 
shown that the so-called " lower peat " is not one continuous bed, 
but that "there may be one, two, three, or four beds of peat 
within a few yards of each other, for the whole country was a 
debateable ground between land and sea, and when the one 
prevailed peat grew, and when the other had the mastery silts 
were deposited."t Lastly, with regard to the upper or surface 
peat, he proves that it does not pass eastward and northward under 
newer deposits as was supposed, but generally dies away upon the 
surface, though in some cases it is continued for a short distance 
beneath a thin covering of marine silt or clay, as for instance, near 
the Isle of Ely. 

Mr. Skertchly's conclusions are undoubtedly true when the 
Fenland is viewed as a whole, but in his endeavour to combat 
the error of a regular and uniform succession of beds throughout, 
the whole area, he has perhaps dwelt too much upon the general 
discontinuity of the beds, and too little upon the considerable 
extension which some of them seem to possess. He admits, 
however, that " the buttery clay acquired its spurious importance 

* " Geology of the Fenland." p. 173. 
f Op. cit., p. 8. 
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from the Fen having been first studied in South Lincolnshire and 
the neighbourhood of Cambridge where indeed it is tolerably 
persistent ; " and he describes the large area over which peat now 
exists at the surface. 

From all the information I have been able ro obtain I am 
disposed to think that in the district which lies between the rivers 
Witham and Glen the different beds do preserve some general 
kind of succession. This is often interrupted locally by creeks of 
silt, or by the absence of one or both of the peaty beds, and all I 
mean is that when any of the beds mentioned below do occur they 
are found in the relative position here stated : — 

7. Soil, peat, silt or clay. 

6. Silt or clay, generally reddish brown. 

5. Peat or peaty clay. 

4. Light coloured clay, generally drab or yellowish. 

3. Blue clay, often " buttery." 

2. Bottom peat. 

1. Sand or sandy gravel. 

It is, I think, principally in Bed No. 6 that the changes from 
silt to clay have been noticed by Mr. Skertchly. 

In support of this belief I append the following sections, 
observed in brickyards or in digging wells within the limits of 
Sheet 70. Some of these are taken from Mr. Skertchly's un- 
published notes, and for others I am indebted to the kindness of 
Mr. C. Frow, of Spalding. 

Commencing with the neighbourhood of Spalding on the south edge of 
the sheet, the following details of brickyard sections have been supplied 
by Mr. Frow: — 

1. Mr. Kingston's brickyard on Spalding Common, 1J mile S.W. of the 

Church ; compare Skertchly, Appendix No. 171 : — 

feet. 
Brown silty soil 1 

Eeddish -brown sandy silt - - - 1 to 3 

Drab-coloured sandy clay - - 3 

Peat, black and compact - - - 1 

Blue peaty clay, dug for - -6 

2. Brickyard, li miles E.S.E. of Spalding Church, near " The 

Plough": — 

feet. 
Brown soil - - -1 

Beddish-brown silt - - - 1J to 3 

Blue peaty clay, " Calty band " - 0J 

Drab-coloured sand and clay ... 3 

Blue peaty clay ' - - 5 

3. Brickyard, J of a mile N.W. of Spalding Eailway Station : — 

feet. 
Brown soil - - - - - Of •' 

Yellowish silty clay - - - - 2 to 3 

Blue clay, " Blue band," with a layer of peat 

3 inches, thick qJ 

Yellowish clay with roots, &c. - 2 

Blue clay - 1-)- 
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The account of the Pode Hole Brickyard (2 miles south-west of Spalding) 
given by Mr. Skertchly on p. 283, appears to require correction. As it 
was closed in 1856, he could not have seen it himself, but in his own note- 
book the total depth is given as 18 feet, and Mr. 0. Prow has supplied me 
with the following account obtained from a man named Goodyear who 
formerly worked in the brickyard : — 

feet. 
Brown soil and silt - ... 4 

Peat, black and compact - - - OJ 

Sandy silt and loamy clay ... 2 

Yellowish clay ----- 5 

Blue clay, very peaty in places 8 

19£ 



Mr. Prow has also furnished me with a more complete account of the 
brickyard, 1 mile N.N.W. of Spalding. No. 148 of Mr. Skertchly's 



sections : — 



Dug in the pit 



feet. 
("Brown silty soil ... 1 

' Reddish-brown silt, running into creeks - 1 to 4 
Blue clay, " the Blue band," often cut out 

by creeks of silt - - - - 1 

Drab-coloured sandy clay - - - 4 to 6 



Peat and peaty claj[ 1 

Blue clay with marine shells 6 
"Blue clay with peaty matter and wood at 

the bottom - - - 16 

Proved by boring-^ Peat, black and compact - - - 1 

Coarse angular sand 1 

[Bluish Boulder Clay, touched - - 1 

Total- ... 35 



The Pen-beds here, therefore, appear to be 34 feet thick, which is not 
much more than the depth at which their base was found south of 
Spalding (see Well Section No. 8 of Appendix, p. 141). 

Mr. Skertchly made the following notes on the section seen in Pennygate 
Brickyard between Spalding and Pinchbeck in 1871, — " shows sandy silt at 
the top varying in thickness from 3 to 5 feet, beneath which are beds of 
bluish clay. Creeks filled with silt are intersected in many places, and 
close to one of these creeks at a depth of 12 feet fragments of unglazed 
pottery were found, together with mammalian bones. At the bottom of 
the pit (13 feet) a bed of very fetid unctuous clay, with a quantity of 
vegetable matter, is reached ; this becomes more peaty at its base, but no 
true peat is seen. The following shells were found in the clay and silt : 
Gardvwm edule, Tellina balthiea, Scrdbicularia piperata, Litiorma littorea, 
and Bryozoa on drifted wood." 

In the brickyard at Pinchbeck Bars a thin bed of peat occurs about 
3 feet from the surface, and the east and west side of the pits show 
differences in the arrangement of silts and clays, thus — 

East side. 
Silt - - : - 

Peat and clay with Bissoa 
Clay with marine shells and 

vegetable remains - 
The shells found here were Scrdbicularia piperata, Tellina balthiea, 
Oardvum edule, and Bissoa {? uTaicb). 

Mr. C. Prow has favoured me with a more complete account of this pit, 
which is about 2 furlongs B. ofiDovehirn. The slight difference between 



feet. 


West side. 


feet. 


2 


Silt 


- 2 


Oi 


Peat as before 


- OJ 




Silt with marine shells 


- 7 


13 


Clay 


- 4 



E 14304. 



H 
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this and Mr. Skertchly!s account, is doubtless due to the cutting back of 
the pit in the interval. 

feet. 

Brown silt --,""" 

Black peat - 

Sandy silt and loam with marine shells 

Yellowish clay - - - - - 

Grey peaty clay - - - - ' • - 

Soft, clean blue clay - - - 

Peaty layer with drift wood and hazel nuts 
Gravelly clay (P Boujder clay) touched 



ot 

5 
2 
3 
2 

0i 



16 



Another brickyard about three furlongs N.W. of Herririgbridge, near 
Pinchbeck* shows the following succession, according to Mr. Prow : 

feet. 
Brown soil and silt - - - - - 3 to 4 

Blue peaty clay, sometimes cut out by Bilt - - 04 

Sandy silt - - - - - - 2 to 4 

Grey clay with peaty band at base - - to 2 

Blue clay with marine shells (? Bissoa) 10 

Blue peaty clay at bottom. 

About 17 



The brickyard east of Quadring (as noted by Mr. Skertchly) shows : — 

feet. 
Sandy silt, reddish-brown - - - - - 2 to 4 

Red clay - - - - - - 3 to 4 

Blue clay - - - - - - - 9 to 10 

Turf, irregular, often replaced by buttery clay with shells 1 

About 16 



, The sandy silt is reddish-brown in colour, laminated with thin seams of 
clay, and contains small shining particles of comminuted shell. Shells of 
Oardvum and Tellma are also found in it. The clay is stiff, of a mottled 
red and drab colour above and blue below, stained in places by the blue 
phosphate of iron ; both contain stems of plants {Eqwisetoe, Ar undines, &c), 
nuts, and elytra of beetles, intermixed with a few marine shells, always in 
single valves. The following mollusca were found : — 

Tellina balthica. Linn. 
Oardium edule. Linn. 
Scrobicularia piperata. Linn. 
■ Bissoa, sp. 

A similar section to the above is found in Gosberton brickyard. Near 
Quadring and Donington there does not seem to be any definite and 
regular succession of the silts and clays. In some pits sandy silt overlies 
the clay ; in others stiff clay occurs at the surface with silt below, and in 
the eastern part of Donington Ings there is an exposure of stiff blue clay 
which reaches from the surface to a depth of 7 feet. As a rule, however, 
the land is silty to the east of Old Hammond Beck, while to the westward 
it consists of peat resting on a layer of stiff " buttery clay." 

At Donington, in Millson's brickyard, Mr. Skertchly found in 1871 that 
about 13 feet of dark blue clay (weathering reddish brown) was being dug. 
" In some places it has a slight admixture of silt, and at the south-west 
corner of the pit a creek full of silt is exposed with the appearance 
figured b:Iow, and from this all the silt, used in the pit is obtained." 
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Fig. 14. 
Section in a Brickyard at Donington. 




u. Soil. b. Blue Clay. «.-. Sandy silt. 

In the lower portion of the clay, the following shells occur rather 
abundantly : — Scrohicularia piperata, Tellma halthica, and Oardi/um eclule. 
Beneath the clay is a layer of peat about 9 inches thick, underlaid by 
2 feet of blue clay (used in brick-making). The workmen say that beneath 
this there is a yellow clay full of chalk stones which burns white. 

The general section of the beds here, therefore, is as follows (No. 160 of 
Mr. Skertchly's Sections) : — 

feet. 
Blue clay - - - - - - 13 

Layer of peat .... Of 

Blue clay - - - - - - -2 

P Boulder Clay - - - ? 

15* 



ft. 


in. 


1 





4 








3 





3 



4 



The brickyards near Bicker, Wytoft, and Swineshead are described in 
Nos. 154, 157, 159, and 161 of Mr. Skertchly's sections.* 

The following are also from Mr. Skertchly'B note book: — "At Blotoft 
Farm, on the Forty-Foot Drain, two miles N.W. of Donington, the 
following beds were seen in the side of a pond : — 

5. Soil 

4. Sandy silt ..... 

3. Coarse siliceous sand ----- 

2. Fine gravel, with chalk pebbles - - - . 

1. Boulder clay, light blue, and fall of chalk fragments 

and flints - - - - - - 

" This Boulder Clay is similar to that on the neighbouring highlands. 
It contains many angular flints, some of large size, and many of them 
striated: large quantities pf chalk pebbles, many of which are 
beautifully smoothed and striated. Boulders and pebbles of older rocks 
also occur." 

" In the silt overlying this Boulder Clay in the stream-course south- of 
this farm, telUna halthica, Cardiwm, edule, and Buccvnwm undatum were 
found." 

" In the ditches on the east side of Old Hammond Beck, near Northorpe, 
the passage of silt into clay was clearly seen. At the farm on the Old. 
Hammond Beck, two furlongs south of the high road from Donington, a 
thin seam of gravel is exposed in the beck-side. It appears to be inter- 
calated in the warp or silt, but is interesting as being full of shells 
(Oardium edule and Tellina halthica) mostly in a fragmentary condition." 

Beyond Holland Fen the depth of the Fen-beds becomes less, 
as the fen-floor rises, and at an old brick-yard between Frog Hall 



* " Geology of the Kenland," Mem. Geol. Survey, 1877, Appendix. 
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{near Thornton) and Haven Bank the beds proved are said to 
have been as below (from information given to Mr. Skertchly) : — 

feet. 

Silt Clay 5 

Peat •- 0i 

Boulder Clay - 37 

Estuary of the Witham. — The narrow strip of silt which crosses 
the gravel land of Wildmoor Fen from Dogdyke to Howbridge 
Drain has been supposed by Mr. Skertchly to indicate the 
ancient course of the Witham at a time when it flowed eastward 
through the northern part of the Fenland to Wainfleet. . He 
quotes Stukely, who inferred from Richard of Cirencester's map, 
that this was the ancient course of the Witham, especially at 
high floods ; and he adopts the view " merely modified so as to 
make the northern course the principal instead of the subsidiary 
one," during the Roman occupation, explaining in this way the 
fact that Wainfleet (Vainona) was a more important Roman 
station than Boston. Mr. Skertchly proceeds to state that on 
examining the country round Dogdyke he at once discovered the 
silted-up channel of the Witham, and was able to lay it down 
upon the map, tracing " this old course across the gravel lands to 
the silt lands of West Fen, where the deposits, being identical, 
its further course is indistinguishable." He also gives the 
accompanying section, Fig. 15, as a representation of its general 
.appearance. 



Fig. 15. 
Silted-np Channel of old River Witham. 




a White sand. b. Peat. c. Clay and warp. 



With reference to this plausible hypothesis, it should be observed 
"that the real width of the channel as shown in this section is 
nowhere more than 6 chains, i.e., about 130 yards, while the length 
■of the portion of the channel actually mapped is only one mile 
'and a half; and further, that the depth of this channel is only 
about 7 feet, for at its southern end by Howbridge Drain a 
brickyard exposed the following section in 1871 (as described in 
Mr. Skertchly's note-book) : — 
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Bettinson's Brickyard, Howbridge Drain. 

feet 
Soil OJ 

Sandy silt, replaced wedgewise by clay containing marine 
shells - - - - - - - -6 

Peat with tree trunks, chiefly oaks - - - - OJ 

Boulder Clay (at bottom). 
" Towards Howbridge Drain (N.W.) the clay rapidly thins till it is only 
a foot thick and is underlain by gravel which soon rises to the surface." 

Now a channel of these small dimensions, only 130 yards broad 
and 7 feet deep, can hardly have been the principal water-way of 
the Witham, along which the Komans brought their, vessels to 
the port at Lincoln. This supposed channel was, in my opinion, 
a mere creek, which may perhaps have served to carry off surplus- 
water into West Fen during times of flood as Stukely suggests, 
but was not a tidal arm or branch of the river. Moreover, as 
regards the rest of its supposed course to Wainfleet, a distance of 
about 1 6 miles, Mr. Skertchly himself admits that no traces of it 
can be found. 

In Sheet 83 what appears to be the silted-up channel of the 
Witham estuary has been traced for a long distance. At the- 
southern end of that sheet, where it passes into Sheet 70, its width 
is more than a mile, and I have little doubt that its continuation 
could be traced beneath the thin peaty soil through Walcot Fen 
and Billinghay Dales to the head of the silt land near Drury Dyke, 
as mapped by Mr. Skertchly. Thence its course was doubtless 
through Holland Fen to the outfall at Boston. 

This estuary may, however, have been silted up before the 
time of the Roman occupation, and indeed the position of the 
Koman banks near Boston indicates that it was silted up to a 
great extent, but the very existence of these .banks also proves 
that the principal outfall of the Witham was in Roman times 
exactly where it is now. Mr. W. H. Wheeler, C.E., informs me 
that these banks can be traced much further than is shown in 
Mr. Skertchly's map, that from the mouth of the river, as far as-- 
Boston, they are easily followed, but that above Boston the 
channel has been so altered from time to time that they are 
difficult to trace, though their remains can here and there be 
found. 

The following notes on the neighbourhood of Tatter eh all, 
Dogdyke, Kyme, and Billinghay, are extracted from Mr. Skertchly's 
note book (1870) :— 

" The Tattershail Brickyard at Dogdyke, near the embouchure of the 
Eiver Bain, showed the following section :— 

feet. 



Peat - 

Clay with marine shells 

Silt (sandy) - 

Peat with trees 

Gravel 



1 
5 
3 

8i 

10? 

23 
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" Tree stems 12 feet long, lying S.W. and N".E. have been found in 
the lower peat. 

" This seems to have been in the ancient bed of the Bain, which was 
then a tidal stream. The bed of clay may be traced by its peat covering 
as a band some ten chains wide, a little west of the present river-course 
which it seems to join raar Tattershall. . ~ 

"Between Tattershall Bridge ana "Do'gdyke, on the south side of the 
Witham, there is. silty clay overlaid by about a foot of peat, and wells in 
the ' dales ' near Tattershall .Bridge were sunk through peaty ! soil 
(6 to 12 inches), and clay (6 feet), into sandy gravel." 

Along the banks of the Witham south of Dogdyke, the fen -silts are thin 
and the Boulder Clay is exposed. This is described by Mr. Skertchly as 
a dark-blue tenacious clay, with laminated patches interspersed, fall 
of boulders of, chalk, flints, Lower Lias Limestone, Coal-measure and 
pther sandstone, quartz, &c, and many Oxford Clay fossils. Following 
the course of the river as far south as Chapel Hill, the bed of the river 
disclosed the same section as above ; the land on either hand being formed 
of a reddish brown sandy laminated silt, not differing apparently from that 
at Spalding, Wisbech, and other places." 

: "Crossing the North Kyme Fen to the Car Dyke the form of the ground 
changes, losing the flat fen character, and showing a series of slight 
elevations of perhaps 12 feet in height, rising in bosses above .the Fen-level. 
Two of these banks are cut through by the Skirt Dyke, which has just 
been dried (June 1870), and the following diagram (Fig. 16) represents the 
order of the beds exposed. In the gravel beaches a few marine shells 
were found." 

Fig. 16. 
Section along part of Skirt Dyke (? near Digby Dam). 
From Mr. Skertchly's note-book. 
d. c. d. b. e. 




a. Oxford Clay. o. Beaches of gravel, e. Fen silt. 

b. Boulder Clay. d. Thin layer of peat. x. x . Level of Fens. 

" In Billinghay and North Kyme Fens the surface soil is peat from 
6 inches to a foot in thickness, below this is clay or silt, varying in 
depth from 4 feet to 14 feet, and resting on quicksand. In Digby and 
Anwick Fens also sand everywhere forms the baBe of the Fen-beds, and 
rests on the Boulder-clay floor."- 

Bicker Haven. — The ground enclosed within the blue line on 
the published geological map was once occupied by an arm of the 
sea extending from the estuary of the Welland to the south- 
eastern extremity of Bicker. During the occupation of the 
Eomans this was an open inlet, for they inclosed it with sea-banks 
continuous with those by which' they protected the whole coast of 
the Fenland, and these banks are still conspicuous. 

"Bicker Haven received the waters of a considerable portion of 
the fens lying west and north of it. The Skirth, Gillsyke, and 
Ouse Mer Lode were natural stieams discharging into it."* 
By the middle of the 14th century, however, the estuary has 
dwindled down to a mere tidal stream called the Salten Ea, and 



Skertchly, " Geology of the Fenland," p. 125. 
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its upper portions were silted up and converted into land. This 
process continued until the whole area was completely silted up, 
and now the Risegate Ea is carried across its bed into the 
Welland. 

" The site is covered with the ordinary sandy facies of the silt, 
which is of a whiter colour than usual and often very loose. The 
welis in the vicinity are still brackish, and the lanil seems still to 
haye a considerable quantity of salt in it, if indeed one may rely 
upon the statement that worms will not live in it, which seems 
borne out by the small amount of vegetable soil upon the site."* 

The surface of the silt is very uneven, being broken into 
numerous mounds and banks, between which no doubt the tide 
formerly flowed and eddied. In the southern road from Bicker to 
Hoflet, one mils S.E. of Bicker church, a section through 
one of these mounds or silt hills was observed by Mr. Skertchly : 
" The upper portion (4 feet) consisted of soil mixed with stones, 
fragments of brick and burnt earth, with shells of Helix, 
Mytilus, and Cardium ; this is certainly artificial. The lower 
portion appeared to be silt in situ. Others of the silt- mounds 
disclosed fragments of bridks and pottery, with bones of ox and 
sheep and shells of edible Mollusca." 

Troughs, containing pottery, Sfc, new Pinchbeck. — Mr. 0. Frow, of 
Spalding, has sent me an account of the section in the shallow railway- 
cutting on the Spalding and Lincoln line just south of Pinchbeck station. 
The depth of the cutting is 7 or 8 feet, and shows the following layers : — 

feet. 
Soil passing down into next - - 1 

Silty loam with fragments of pottery - - 2 

Silt 1 

Sand with shells - ... - - 2 

Laminated clay - ..... 1 

These beds are intersected by numerous troughs or trenches, some of 
which cut down to the base of the sand ; most of these troughs have a 
layer of burnt earth at the bottom, which contains broken pottery, bones, 
and teeth of various animals, some of the marrow bones being split, and 
many mussel shells. They seem to date back to an early historical period, 
but tbe origin of the trenches is obscure, though the burnt appearance of 
the earth at the bottom suggests their excavation by the hands of man. 
They may have been trencheB made and occupied by early hunters in the 
Fenland. 

§ 3. The Surface Peat. 

The most recent growth of peat is of course that which forms 
the surface soil, and extends along the western border of the 
Fen, from theWitham estuary to the neighbourhood of Croyland, 
in Sheet 64. This peaty tract is only discontinuous near Heck- 
ington, where the silts abut upon the beach-gravel for a dis- 
tance of about 3^ miles. The peat has been fully described by 
IMr. Skertchly, to whose Memoir we must refer the reader for all 

* Op. cit., p. 128. 
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details concerning it, contenting ourselves with a few general state- 
ments regarding that portion of its extent which comes within 
the limits of Sheet 70. 

Its thickness is nowhere very great, being greatest in Digby 
and Ruskington Fens, where it is sometimes three or four feet 
thick, but elsewhere it is seldom m6re than a foot, and often only 
6 inches in thickness. Its surface appears to be about 10 feet 
above Ordnance datum, and therefore at about the level of high- 
water mark at Boston. 

The most interesting fact connected with this modern peat is 
the occurrence of buried trees, indicating the existence of an 
ancient forest which occupied the ground before the growth 
of the peat. Oak trees are very numerous in Digby and 
Ruskington Fens, and Mr. Skertchly mentions one found in Ring 
Moor which was 36 feet long and 30 inches in diameter. He 
also observes, that all the trees are broken off from two to three 
feet from the ground, which was about the thickness of the peat 
itself. For this and other reasons he believes that it was to the 
chilling effect exercised by the growth of the peat that these 
ancient forests owed their destruction. 

The trees so frequently found in the older peat beds already 
mentioned prove that from time to time portions of the Fenland 
became sufficiently dry and firm for trees to take root and grow. 
We know that at the earliest period of which we have any historic 
record, the highlands along the borders of the Fen district were 
covered with a forest growth, and this was doubtless their con- 
dition throughout the whole of the Post-glacial period or any 
rate that "part of the period during which the Fen-beds were 
formed. " So long as the waters, salt or fresh, held dominion 
" over the lowlands the forests stopped upon the borders, and 
" the seeds which are strewn so widely met with no encourage- 
" ment until the land became firm. Then indeed they grew and 
" throve, creeping down into the fens as the waters retreated/* 
and establishing themselves over wide tracts until conditions, 
become unfavourable again and conducive to the growth of peat. 

Mr. Skertchly notes that coming from the eastward the peat begins to 
show at the surface about Iron Bar, on the Counter Drain ; it is thin, 
about afoot in thickness, and is underlaid by clean ("Buttery") clay. 
The latter is a mottled blue and yellow flaky clay of an unctuous character, 
containing minute spicule of selenite, and numerous cockle-shells 
(Owdi/wm edule) in all stages of growth, some of them having the valves still 
united. Little patches of silt or warp occur, scattered over the surface, 
forming small- hillocks. 

The peat land has a width of about three mileB in Bourn and Morton 
Fens, but narrows to less than a mile in Dowsby Fen, thence it extends 
northward in a narrow strip as far as Helpingham and Little Hale Fens, 
but in the latter the silt land abuts against the Boulder Clay land and cuts 
out the strip of peat. 

Peat sets in again to the north of Heckington Fen by the side of 
Heckington Eau. In Star Fen it is very thin, but is thicker on Waith 
Common and Anwick Fens ; here there is usually a foot or two of clay- 
beneath, with sand and gravel below. 
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§ 4. Sttmmaey and Inferences. 

The most important points to be noticed in connection with the 
series of Fen-deposits above described appear to be the follow- 
ing =— 

1. That in the northern and western parts of the Fenland 
Boulder Clay forms the floor upon which they rest, and that upon 
this floor marine sands or gravels were nearly everywhere 
deposited. 

2. That in many places a bed of peat rests upon these floor 
sands. 

3. That the succeeding clays and silts are marine deposits 
formed during the gradual silting up of the Wash or Fenland 
Bay, and that the lowest of them is everywhere a clean blue buttery 
clay. 

4. That the intercalated layers of peat do not necessarily 
indicate changes in the relative level of land and sea, since the 
formation of the most recent peat has taken place at a level which 
is about that of high-water mark. 

To discuss at any length the various changes in physical 
geography which have .taken place in Lincolnshire and East 
Anglia since the Glacial period would require a more extended 
acquaintance with all the Post-glacial deposits around the borders 
of the Fenland than I at present possess. The following inferences 
are therefore made with diffidence, and must be understood as 
resting entirely on the evidence afforded by the nature and relative 
position of the beds along the western border of the Fens in 
Sheets 64, 70, and 83. 

1. That in early Post-glacial times the country west of the 
Oolitic escarpment stood at a greater elevation, and the Fenland 
at a lower level than the present, so that the slope of the ground 
along the Trent valley (vi& Lincoln) was much greater than now. 
At this period the oldest river-gravels were formed, those which 
pass into estuarine gravels in the Fenland at elevations of 10 to 
15 feet above the present high-water mark.* 

2. That the land remained stationary for a time or with a 
tendency to subsidence, during which marine erosion was active, 
and the coast-line was cut back till it coincided nearly with the 
25 feet contour (15 above high-water mark). This was the period 
of the formation of the floor sands and marine beach-gravels. 

3. That elevation ensued, the amount of which was greatest 
along the tract formed by the Oolitic outcrops between the Lias 
plain and the Fenland (Ancaster anticlinal). The effect of this 
was completely to alter the drainage system and cause the 
deflection of the rivers Trent, Witham, and Devon ;t the upheaval 

* Mean high-water mark at Boston is 10 feet above Ordnance datum level. 

f The unequal elevation assumed in the above explanation accounts for the fact 
that the gravels attributed to the Trent in Sheet 83 occur at about the same level on 
either side of the Oolitic escarpment. If these are river gravels there must originally 
have been a greater fall from Newark to Lincoln, and from Lincoln to Billuighay 
than there is now. 



116 GEOLOGY OF S.W. LINCOLNSHIRE. 

eventually bringing the base of tbe Fen-basin above the level of 
present high-water mark, and converting the whole area into a 
land surface. .During this interval the lowermost peat was 
formed, which is in places 20 feet below present high-water mark, 
so that the total elevation must have been about 40 feet. 

4. That there followed a general submergence and gradual 
siltirig-up of the Fenland, with pauses during which the forests 
extended themselves and the peat-beds were formed. During this 
period the clays, silts, and subterranean peat-beds of the Fenland 
were deposited ; the submergence amounting to about 20 feet, so 
as to bring the base of the Fen deposits down to its present position 
below the sea level. 

According to this interpretation the facts indicate only one 
complete - oscillation, including a movement of upheaval and a move- 
ment of depression. I have found no evidence for the repeated 
oscillations of level which are supposed by some to have taken 
place in this area in Post-glacial times. 
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CHAPTER XIII. 

Mineral Resources of the District and Miscellaneous 

Information. 

Building Stones. — The Jurassic Series includes two rocks which 
furnish good building material, viz., the Marlstone Rock and the 
Lincolnshire Limestone, the latter containing some of the best 
freestone in England. 

The Marlstone Rock is largely used in all the villages which 
stand on or near its outcrop, and some of the beds when properly 
laid seem to form a fairly good building-stone. In passing out of 
a Marlstone district into one of the Lincolnshire Limestone the 
contrast in the colour of the walls and buildings is very striking, 
the pale yellowish white or grey of the latter appearing very cold 
and hard after the warm ferruginous brown of the Marlstone. 

The Lincolnshire Limestone is not only quarried for local use, 
but in certain places it is raised in large quantities and exported 
to all parts of the country. The principal quarries are in the 
neighbourhood of Ancaster ; the lower beds are worked near the 
station, and the upper beds in the Wilsford and Haydor quarries 
to the southward. 

The nature and stratification of this limestone has been 
described in Chapter vii., p. 52, and to the account , there given 
I need only add that in the case of those beds which are obliquely 
laminated, if the blocks are so cut that the laminar surfaces lie 
horizontally the stone then stands as well as the other beds that 
are horizontally laminated. 

In Mr. Lindley's quarries (Wilsford Quarry) the supply of good 
stone is practically unlimited, and the quantity sent away every 
year amounts to about 40,000 cubic feet, subject of course to 
variations in the trade demand. Mr. Lindley informed me that 
when wet, i.e., freshly quarried, the weight of the stone was 12 
cubic feet to the ton, but when dry 14 feet went to the ton. 

A recent analysis of the limestone at Waltham, gave the following 
results : — * 



Carbonate of Lime 


- 


- 85'79 per cent 


Carbonate of Magnesia ■ 


- 


- 1-38 


Alumina - 


. 


- 119 


Peroxide of Iron - 


■ 


- 1-87 


Protoxide of Iron 




- 0.15 


Silica 


- 


- 3-18 


Carbonaceous matter 


- 


trace. 


Water 




- 6-30 



99-86 



From the Parliamentary Report on Building Stones (1839), I 
quote the following statistics : — 

"* Supplied by Mr. R. Dalgliesh, of the Hohrelllron Company. 
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Analysis of Ancaster OoUie by Daniel and Wheatstone. 
Carbonate of Lime .... 93'59 

Carbonate of Magnesia .... 2'90 
Oxide of Iron and Alumina - - 0'80 

Water and loss - - - - 271 

Bitumen -...-. A trace. 

The following table illustrates the density and absorbent powers 
of the freestones obtained from places in Sheets 64 and 70 : — 



Specific gravity 

of the 
dry specimens. 



Specific gravity 
solid particles. 



Balk of water 

absorbed; total' 

bulk considered 

as unity. 



Ancaster 
Haydor 
Barnack - 
Ketton 



2-182 
2-040 
2-090 
2-045 



2-687 
2-694 
2-623 
2-706 



0-180 
0-241 
0-204 
0-244 



For a two-inch cube of Ancaster freestone the crushing weight 
required was 83 cwt. ; as compared with similar cubes of the 
Ketton and Barnack freestones, which required weights of 91 cwt. 
and 65 cwt. respectively. 

Specimens of the three varieties of stone, fine and coarse, 
obtained in Mr. Lindley's quarries, are exhibited among the 
collection of building stones in the Museum of Practical Geology, 
Jermyn Street, London ; the size of each specimen is a six-inch 
cube. 

According to the Keport above quoted, the Ancaster stone 
has been employed in the construction of Wollaton Hall (near 
Nottingham, built in 1650), Belvoir Castle, Belton House, 
Grantham Church, and in many other mansions and churches in 
Lincolnshire. The Haydor stone has been employed in Lincoln 
Cathedral, Boston Church, Culverthorpe House, Belvoir Castle, 
Newark Church, and in most of the churches in the neighbour- 
hood, and in the lower part of Lincolnshire- In the introduction 
to the report it is stated that " many buildings constructed of 
a material similar to the Oolite of Ancaster, such as Newark 
and Grantham churches and other edifices in various parts of 
Lincolnshire, have scarcely yielded to the effects of atmospheric 
influences ;" which is good evidence of its great value as a 
building stone. 

Mr. F. W. Lindley informs me that the Ancaster stone has also 
been used more recently in the construction of the followino- 
buildings, among others : — 

In London — for the Library, Chapel, and blocks of new 
chambers at Lincoln's Inn ; .Hatchett's Hotel, Piccadilly. 

In Cambridge — for the Chapel of St. John's College, and for the 
new buildings of Pembroke and Selwyn Colleges. 

In York — for the North Eastern Hotel and Station. 

In St. Alban's — for the restoration of the Abbey. 
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Iron Ores. — There are four horizons at which ironstone occurs 
in the series of rocks described in the preceding chapters. These 
are as below : — 

4. The nodular ironstone at the base of the Great Oolite. 

3. The ironstone of the Northampton Sand. 

2. The Marlstone Rock-bed (Middle Lias). 

1. The ironstone of the Amm. semicostatus zone (Lower Lias). 

If is only since 1874 that any ironstone has been won from the 
district under notice, but the second and third of the above rocks 
are now being largely worked at several localities. 

1 . The ironstone of the Lower Lias has not yet been analysed 
or quarried, but it is the representative of the Frodingham bed, 
although very thin and apparently poorer. 

2. The Marlstone Rock is now extensively worked at Holwell, 
Eastwell, Eaton, Woolsthorpe near Belvoir, Caythorpe, and 
Leadenham. The thickness of the portion available as iron-ore 
varies from 8 to 14 feet ; this material is thrown into trucks, 
which are run by tramways on to the main railway lines and 
transported to the Leicestershire, frodingham and Cleveland iron 
fields, where it is mixed with other ironstones for smelting. 

The following are analyses of Marlstone iron-ores in this 
district : — 







I. 


II. 


III. 


iv/ 







Tilton, in. 
Sheet 64. 




Eastwell 


Eaton 






Holwell. 


dried at 
212°.* 


dried at 
212°. 


Ferric oxide 


. 


3-36 


46-96 


55-00 


49-00 


Protoxide of iron 


- 


26-87 


— 








Protoxide of manganese 


- 


— 


•45 


■16 


■13 


Alumina - 


- 


9-60 


8-37 


14-98 


9-43 


Lime 


- 


9-70 


1-17 


1-20 


6-85 


Magnesia - 


- 


2-20 


1-08 


•88 


1-26 


Silica 


- 


10-20 


10-04 


13-32 


12-65 


Sulphur - 




•08 


•03 


■09 


■01 


Phosphoric acid - 


- 


•99 


■57 


•91 


1-17 


Combined water and 
matter. 


organic "1 


— 


11-49 


11-55 


11-33 


Carbonic acid 


- 


27-55 


•69 


1-90 


7-77 


Moisture - 




— 


19-02 


— 


— 




100-00 


99-87 


99-99 


99-60 



* When first obtained this ore contains about 25 per cent, of moisture. 

The first three columns are quoted from Mr. E. Wilson's paper 
on the Lias Marlstone of Leicestershire (Midland Naturalist, 
vol. VITL, 1885). Nos. Land IIT. are by Mr. G. F. Downar, 
analyst to the Bestwood Coal and .Iron Company, No. II. by 
Mr. E. Riley, No. IV. is by Mr. Downar, to whom I am 
indebted for it. The similarity of the last three ores is apparent ; 
that obtained from Caythorpe is very different, containing so 
much lime and so little iron that the Bestwood Company used it 
rather as a flux than as an ore. Mr. Downar has kindly furnished 
me with the following analyses of ores from Caythorpe and 
Woolsthorpe, in each case dried at 212° Fah. That of the 
Caythorpe rock he states to be from an average sample, but the 
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rook varies greatly, the proportion of carbonate ofL lime ranging 
from 25 to 65 per cent. ...... 

Caythorpe. Woolsthorpe. , 

Ferric oxide 
Manganous oxide - 
Alumina 

Carbonate of lime - 
Carbonate of magnesia 
Silica 
Sulphur 
Phosphoric acid 
Combined water - 



33-14 


57-86 


1-12 ' 


•15 


6-50 


12-80 


41-60 1 
■58/ 


3-47 


7-70 


- 11-80 


•04 


0'04 


•56 


0-90 


8-60 


12-78 



99-84 



99-80 



Metallic iron - - 23-21 40 - 50 

The following analyses of the ' ironstone at Holwell and Eaton are 
supplied by Mr. E. Dalgliesh of the Holwell Iron Company :— 

Holwell Eaton 





Dried at 212° 


Baw. 


Dry. 


Wet' 


Peroxide of iron 


_ 


58-00 


46-96 


45-21 


37-84 


Protoxide of iron - 


. 


Nil. 


Nil. 


Nil. 


Nil. 


Protoxide of manganese - 


0-56 


0-45 


0-46 


0-39 


Alumina 




11-34 


8-37 


8-76 


7-33 


Lime 




1-45 


1-17 


10-56 


8-84 


Magnesia - 




1-33 


1-08 


1-04 


0-87 


Silica 




12-40 


10-04 


14-20 


11-89 


Sulphur 




003 


0-03 


0-03" 


0-03 


Phosphoric acid 




0-61 


0-57 


098 


0-82 


Combined water 


with 










organic matter - 
Carbonic acid 




13-30 
0-85 


11-49 
0-69 


] 18-80 


15-73 


Moisture 




Nil. 


19-02 


Nil. 


16-30 




99-87 


99-87 


100-04 


100-04 


Metallic iron 


. 


40-60 


32-87 


31-65 


24-49 ■ 



3. The Northampton ironstone has been worked at Waltham-on- 
the-Wolds (see p. 47 ) ; but there is no reason why it should not 
be dug at Oroxton and other places along the line of outcrop, 
except the difficulty of transport. 

The following analysis of the Northampton Ironstone from 
Waltham has recently been made in the laboratory of the 
Geological Survey, Edinburgh, by Mr. J. Si Grant- Wilson : — 

("Silica 55-01 

Insoluble in | Alumina .... 4-69 
Hydrochloric AcidX Peroxide of Iron - - - -17 



60-97. 


Manganese - 


. 


•21 




.Loss in Ignition 




•89 




'"Alumina 


. 


- 3-07 




Protoxide of Iron 


. 


- 29-64 




Manganese - 


. 


•07 


Soluble in 


Lime 


. 


- trace 


Hydrochloric AcidX 


Magnesia . - 


. 


■16 


40-07. 


Phosphoric Acid 


. 


•15 




Sulphuric Acid 


. 


•05 




Carbonic Acid 


_ 


- 1-42 




_ Water 




- 5-51 




101-04 
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Mr. Dalgliesh informs me that the average amount of iron in 
the Waltham stone was not more than 20 per cent, with 50 per 
cent. o£ silica and 10 of moisture. 

For other analyses of the Northampton Ironstone, see Prof. 
Judd's " Geology of Kutlaml," p. 122. 

4. The ironstone at the hase of the Great Oolite appears to 
have been worked at some localities in former times, but an 
attempt to revive the extraction of this ore near Peterborough 
resulted in failure. 

Hydraulic Limestone. — The limestones at the base of the Lower 
Lias (Strensham Beds) are largely extracted for the manufacture 
of hydraulic cement. There are large works at Barnston, the 
cement being made on the spot by the " Barnston Blue Lias 
Lime Company," and I am indebted to the manager for the 
following analysis of the stone by Mr. Bernard Dyer. 

Lime ..... 59-61 

Silica ..... 20-61 
Carbonic acid "46 

Sulphuric acid - 1-94 

Oxide of iron .... 4-01 

Alumina - - - - 6 '98 

Magnesia .... 2-25 

Water and alkalies - - - 4' 14 



100-00 



Gypsum is raised in this district . from the Triassic Marls by 
three companies — Newark and Vale of Belvoir Co., at Elton, 
Hawton,, and Newark ; CafEerata and Co., Hawton and Newark ; 
and the Shelton Co., at Shelton. 

The term gypsum is locally only applied to the poorest quality of 
the mineral, unsuitable for any but mammal purposes, in which its 
chief function appears to he the fixing of the ammonia evolved 
from organic manure. By double decomposition with carbonate 
of ammonia, it forms the non-volatile sulphate of ammonia and 
carbonate of lime, the latter being serviceable in neutralizing 
organic and other acids forming in the soil. The thin seams 
and partings of gypsum are termed " rivings," and the lenticular 
masses " cocks." The " grey rock " is but little superior to these. 
The " seconds" used for inferior plastering, is slightly greyish. 
The " white rock " is used for statues, confectionery, adulteration 
of flour, &c, fine plastering, and the " Burtonizing " of water for 
brewing. It consists of almost, if not absolutely, pure sulphate 
of lime, whilst the inferior varieties are stained with oxide of iron 
and contain entangled particles of clay. 

The world-renowned ale of Burton-on- Trent is known to owe 
its excellence to the saline constituents of the water used in its 
preparation. Attempts have been made with variable success 
to add these salts to the water of other districts, not naturally so 
favoured, for brewing purposes. The principal saline element in 
Burton water being sulphate of lime, two courses appeared to be 
practicable; to produce this salt (in calcareous waters) by the 
addition of sulphuric acid, or to dissolve gypsum in the water 
to bo used. It was found that the latter procedure was the safer, 
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and that prolonged contact of water and gypsum was requisite. 
Nevertheless, the resulting liquor is inferior to Burton ale, pro- 
bably from the absence of other salts occurring in Burton water 
and derived from other parts of the series through which the 
water percolates. It is, for instance, nearly certain that the 
sulphate and bicarbonate of magnesia, amounting to 18£ grains 
per gallon of the Burton water, exercise an important influence 
on the subtle processes of extraction and fermentation. 

But though the mere addition of sulphate of lime to brewing 
water falls short of perfect " Burtonization," it is highly advan- 
tageous, and considerable quantities of gypsum are annually- 
raised at Newark and elsewhere in the Trent valley for this 
purpose. 

A detailed analysis of Burton water is given in the Appendix, 
p. 159, for comparison with that of one of the deep wells in 
Newark. It must, however, be borne id mind, that the distri- 
bution, of bases to acids in the salts thus stated to co-exist, is to 
a large extent theoretical, and a truer comparison (because 
involving less theory) may perhaps be obtained by tabulating acids 
and bases separately. We then get : — 

Newark. Barton. 

Calcium - - - 28'5553 24-4990 

Magnesium - - 47820 4-2000 

Sodium - - - 4-1950 7-9146 

Potassium - — -5060 



37-5323 37-1196 



Sulphuric acid - - 65'9856 57-6542 

Carbonic acid - - 4-4871 7-0600 

Nitric acid ' - - 3-1940 • ' — 

Chlorine - - 3-5000 6"0270 



77-1667 70-7412 
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VI. BlBLIOGKAPHT. 



APPENDIX I. 

List of the Fossils obtained in Sheet 70. 

The rocks which occur in Sheet 70 arc eminently fossiliferous, but they - 
belong for the most part to formations which have been fully studied 
elsewhere, and it was not thought worth while to collect specially from 
the localities in this district." In this Appendix, therefore, we have 
simply gathered together such lists as have already been published, 
incorporating with them the lists of such as were collected during the 
survey of the district, and were identified at Jermyn Street by Messrs. 
Etheridge and Sharman. 

I. Fossils from the Rkmic Beds. 






a 
S 

W 

S 


i 


i 


Various 
Localities. 




m 


o 


£ 




Pisces. 










Aorodus minimus, Ag. 

Ceratodus altus, Ag. 

Hybodus minor, Ag. 

H. retioulatus, Ag. 

Nemacanthus filifer, Ag. - 

Sargodon tomicus, Plien. - - 

Saurichthys, sp. - - * 


X 
X 
X 
X 
X 
X 
X 








Lamellibkanchiata. 










Avicula contorta, Forth 

Axinus elongatus, Moore ... 

Cardium rhsetieum, Merian - 

Pullastra airenicola, Strickl. 


X 
X 
X 


X 


X 
X 
X 




Ckustacea. 










Estheria minute, Goldf. - 








KilviiigtoiK 



E 14304. 
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2. Fossils from the Stbensham Seetes (zone* of Ammonites pUmwoia), 

Lowes, Lias. 



Various 
Localities. 



Reptilia. 

Ichthyosaurus tenuirostris, Conyb. 
Plesiosaurus, sp. 



Cephalopoda. 

Ammonites planorbis, Sow. 
A. torus, d' Orb. 



Gasteropoda. 



Dentalium 



Lamellibranchiata. 

Avicula qygnipes, Phil. - 

Cardinia 

Cardium ... 

Inoceramus dubius, Sow. 

Lima gigantea, Sow. - 

L. pectinoides, Sow. 

Modiola hillana, Sow. - 

M. minima, Sow. 

Mytilus - 

Ostrea irregularis, Miinst. 

O. liassica, Strickl. 

Pleuromya oostata, Y. §■ B. 

P. unioides, Rom. 

Pleurophorus - 



Crustacea. 



Claw 



Echinodermata. 
Spines - 

ACTINOZOA. 

Montlivaltia Haiiuei, Chap. §• Dew. 



Kilvingtbn. 



Balderton. 



LIST OF DOSSILS. * 
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3. Fossils from the zones of Ammonites anr/ulatus and Amm. 

(Lower Lias). 



Cephalopoda^ 

Ammonites 

Nautilus 



L a me llibr anciii at a. 

Avicula 
Cardinia 

Gryphsea incurva, Sow. 
Lima duplicata, Sow. - 
L. gigantea, Sow. 
Modiola scalprum, Sow.- 
Pecten - • \ 

Pinna spathulata, Tate - 

Actinozoa. 

Montlivaltia Guettardi 
M. rugosa, Wriyht MS. 



4. — Fossils from the zone of Ammonites semicostaius. 





Plungar. 


Bectmile. 


Broughtou-on- 




Brant. 


Pisces. 








Aciodus, sp. - ' 


X 






Cephalopoda. 








Ammonites Bucklandi, Sow. 
A. raricostatus, Buck!. 

A. semicostatus, Y. §• B. 
A., sp. - 

Belemnites acutus, Mill. 

B. infundibulum, Phil. 


X 

? 


X 
X 
X 


X 

X 

X 
X 
X 


Gastekopoda. 








Amberleya, sp. - 
*Cerithium ligaturalis, Tate. 
*C. subfistulosum, Tate. " 
Chemnitzia, sp. - - 
Cryptsenia rotelliformis, Vunher. 
Pleurotomaria anglica, Sow. 
P. precatoria, Desl. 


? 

X 
X 


X 
X 
X 

X 


? 



* Census of the Marine Invertebrate Fauna of the Lias. — Geol. Mag r vol. vii., 
p. 4 (1871). 



I 2 
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4. Fossils from the zone of Ammonites semicostaime — continued. 



. 


Plungar. 


Redmile. 


Broughton-on- 

Brant. 


GrASTEHOPODA COnt. 








P. princeps, K.SfD.- 




X 




Kotclla expansa, Sow. - 




X 




Eucyolus imbricatus, Sow. 




X 




Trochus, sp. 




X 




Turbo, sp. 




X 




Terebra, sp. 




* 




I/AMELLIBRANCHM.TA. 








Astarte, sp. 




X 




Avicula insoquivalvis, Sow. 


X 






Cardinia attenuata, Stutch. 




X 




C. concinna, Stutch. ... 


X 


* 




C. copides, de Ryck. 




X 




C. gigantea, Quenst. - 




X 




C. hybrida, Sow. 




X 




C. Listeri, Sow. — 


X 


X 




C. oralis, Stutch. 


X 


X 




Cardium, sp. 




X 




Corbicella, sp. 


? 






Crenatula, sp. 


X 






Gervillia, sp. - - 


X 






Gryphaea incurva, Sow. (arcuata, Lam.) 


X 


X 


X 


Lima gigantea, Sow. - 


X 


X 




L. pect;noides, Sow. 


V 


X 


X 


L. punctata, Sow. 


X 


X 


X 


Modiola hillana, Sow. - 


X 


X 


X 


M. sealprum, Sow. 


X 


X 


X 


Ostrea, sp. 


X 




X 


Pecten sequivalvis, Sow. 




X 




P. dentatus, Sow. 


X 






P. liasinus, Nyst. - 


? 


X 




P. textorius, Schloth. ■ - 


? 


X 




P. Thiolieri, Martin. ■ 






X 


Pinna fissa, Ooldf. - 


X 






Pleuromya unioides, Mom. 




X 




Unicardium cardioides, Phil. - 




X 


X 


Braohiopoda. 








Bhynchonella variabilis, Schloth. 




X 




R. subvariabilis, Dav. - - ■ 


X 






Spiriferina Waleottii, Sow. 






X 


Terebratula punctata, Sow. 


? 


? 




Annelida. 








Serpuja (Ditrupa) capitata, Phil. 




X 




EOHINODERMATA. 








Pentacrimis ... 






X 


Aciinozoa. 








Lepidophyllia hebridensis, Dune. 




X 





LIST OF FOSSILS. 
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Fossils from the Lower Lias. — Zone of Ammonites capricornus» 
A. Jamesoni, A. Armatus : — 



•°§ 



CEPHALOPODA. 

Ammonites angulatus, Schl. - 

A. Birchii, Sow. 

A. brevispina, Sow. - 

A. Brookii, Sow. 

A. capricomus, Schloth. 

A. gagateus, Y. Sf B.- 

A. Henleyi, Sow. 

A. Jamesoni, Sow. 

A. obsoletus, Simps. ■• 

A. oxynotus, Querist. - 

A. raricostatus, Ziet. - 

A. semicostatus, Y, 8f B. 

A. trivialis, Simps. 

A., sp, ... 

Belemnites infnndibulum, Phil. 

B., sp. 

Gasteropoda. 

Cerithium, ? - 

Chemnitzia, sp. 

Dentalium giganteum, Phil. - 

Encyclus imbrieatus, Sow. 

Pha9ianella - 

Troehus thetis, Munst. 

Lamellibranchiata. 

Avieula, sp. 

Cardita mnlticostata, Phil. 

C.,sp. 

Cardium sp. - 

Gresslya intermedia, Simps. - 

Gryphsea incurva, Sow. 

G. MaoOullochii, Sow. 

Inoceramus dnbius, Sow. 

Leda eoinplanata, Gold/. 

L. graphica, Tate 

L. minor, Simps. 

L. ovum, Sow. 

Lima gigantea, Sow. - 

L., sp. - 

Modiola sealprum, Sow. 

Ostrea, sp. - 

Pecten sequivalvis, Sow. 

P. liasinus, Nyst. 

P. textorius, Schl. - 

P., sp. -%. 

Pholadomya ambigua, Sow. - 

Flicatula spinosa, Sow. 

Trigonia, sp. - - - 

Umcardium cardioides, Phil- - 
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Fossils from the Lowee Lias — ccmUrmed. 



1 

! ' 


w 
t£ 

a 
a 

"3 
o 
■a 

a 

3. 

3 
EH' 

& 

is 

B 

& 

M> 


! 

1 
1 

co 
<S 
ffi 
P4 


.2 

J 

■a 

I 

"§ 
o 

g 

1' 


f 

a 

e 
■=1 

si 

oa . 

IS 

A" 


1 
t 

CD 

I 

CO 

1 


3 

a 
g 
I. 

a 
g 


1 

•c 

m 

CO 

4» 

-*= 
O 
U 

EC 

§ 

! 

o 

CO 


g 

to 

ll 


Brachiopoda. 

Lingula mstensis, Terq). 
Khynchonella tetrahedra, Sow. 
R., sp. - -i" 
Waldheimia perforata, Piette. 

Annelida. 

Ditrupa - 

ECHINODERMATA. 

Extracrmus Briareus, Miller - 
Fentaerinus, sp. - - 

Plants!. 
Wood 


X 


X 


X 
? 


X 
X 


X 
X 

X 

1 




X 

? 


- 



Fossils from (the Middle Lias-— Zones of Ammonites spinatua, and 
A. margaritatus : — 



; ! 
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w 


Cephalopoda. 


















Ammonites communis, 














X 






A. Engelhardti, d'Orb. 
















& 




A. margaritatus, Montj 
















6 




A. nitescens, y. #■ B. ■-> 



















A. Bpinatus, Brug. -\ 








A 


X 


- - 


b ' 


X 


Belemnites elongatns, Miller - 


X 


. - 


X 


• - 


X 


X 


a b 




Bel., s.p. - ■ ) 














b 




Nautilus, sp. - 


- 


- - 


- - 


- - 


- - 


- - 


- - 


b 





LIST OF FOSSILS. 
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Fossils from the Middle Lias — amimued,. 



1° 



3 






XI 

I 






Gasteropoda. 

Eucyclus imbricatus, Sow. 
E., sp. 

Trochus acis, d' Orb. v 

T. monoplious, d'Orb. - 

Lamellibranchiata. 

Area elongata, Buckm. 
A. Strioklandi, Tate 

A. truncata, Buckm. - 
Avicula insequivalviS, Sow. 

A.,sp. - - - 

Cardinia Listeri, Sow. 

Cardium truncatum, .Sow. 

Ceromya liassioa, Moore 

Goniomya hybrida, Miinst. 

Gresslya intermedia^ Simps. - 

G. lunulata, Tate 

G. Seebachi, Brawns. - 

Hinnites, sp. - - -> 

Leda graphica 

L. imbricata, Sharman Sf Newton 

Lima duplicata ? Sow. 

L. pectinoides, iSow. 

L. punctata, Sow. 

Modiola numismalis, Oppel. 

M. scaiprum, Sow. 

M. sub-cancellata, Buv. 

Ostrea, sp. 

Pecten sequivalyis, Sow. 

P. liasinus, Ny'st. 

P. dentatus ?, Sow. 

Pecten, sp. 

Pinia fissa, Gold/. '. - 

Pleuromya unioides, Bom. 

Unicardium cardioides, Phil. 

BlEACHIOPOBA. 

Rhynchonella fodinalis, Tate. - 

B. teirahedra, Sow. 

E. „ var, Northamptonensis • 

Terebratula punctata, Sow. - 
T. sub-punctata, Dav. 
Waldheimia Waterhousii, Dav. 

ECHINODERMATA. 

Ophioderma Milleri, Phil. 

PiAHTJE. 

Wood- - - - : 



a b 
b 
b 
b 



a 

a 

a b 
a 
a 



b 
b 
bl 
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Reptilia. 














Ichthyosaurus - 


X 


X 










Pisces. 














{See pp. 42, 43) 




? 






X 




Cephalopoda. 














Ammonites annulatus, Sow. 


X 


X 


X 








A. bifrons, Srug. - - - 


X 


X 


- - 


X 






A. communis, Sow. - 


X 


X 


X. 


- - 


X 




A. complanatus, Srug. .... 


- - 


X 










A. concavus, Sow. .... 


- - 


X 


X 








A. crassus, Phil. - ... 


X 


X 


X 








A. Desplacei, d'Orb. 


X 


X 










A. elegans, Y. fr B. 


X 












A. falcifer, Sow. - - - - 


X 


X 










A. fibulatus, Sow. - - - 


"- - 


X 










A. heterophyllus, Sow. - - - 


X 


X 










A. lythensis, Y. S? B. .... 


- - 


X 










A. radians, Rein. - - - 










X 




A. serpentinus, Rom. - - 


V 


X 


- - 


- - 


X 




A., bifrons, Brug. (= Walcottii, Sow.) 


- - 


X 










.Belemnites levidensis, Simps. - - 


- - 


X 


- - 


- - 


- - 


X 


,B. Voltzii, Phil 


- - 


X 










B. vulgaris, Y.Sf B. - 


- - 


X 










.Nautilus latidorsatus, d'Orb. .... 


X 












N. lineatus, Sow. - - 


- - 


X 










N. semistriatus, d'Orb, 


. - 


X 










ITS. striatus, Sow. - ... 


X 












Lamemjbranchiata. 














Area ferruginea, Lye. - - 


- 


? 










Arcomya elongata, RSm. - 


- - 


X 










Astarte, sp. ■ - - 


X 












Oenatula ventricosa, Sow. .... 


- - 


X 










•Cypricardia cordiformis, Desh. - - 


X 












Inoceramus dubius, Sow. - - - 


V. 


X 










Leda ovum, Sow. - 


- - 


X 


- - 


- - 


. - 


X 


Luoina, sp. ------ - 


X 


X 










Myacites (Gresslya) donaciformis, Phil. 


X 


X 










Nucula, sp. 




X 










Peoten, sp. 


X 












Posidonomya Bronnii, Goldf. .... 


X 


X 










P., sp. - - - ... 




X 
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Brachiopoda. 














Discina (Orbicula) reflexa, Sow. 




X 










Crustacea. 














(See p. 42) ... 










X 
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Pisces. 












Strophodus magnus, Ag. 








X 


Ropsley & 
Ancaster. 


Cephalopoda. 












Ammonites bifrons, Brug. 






? 






Belemnites (fragment) 












Gasteropoda. 












Actseonina glabra, Phil. 




X 








A. sp. - 




X 








Alaria armata, Mor. $■ Lye. 


X 


X 








A. hamulus, Deslong^ - - - - 




X 








A. hamus, Deslong. - 




X 








A. PhiUipsii, d'Orb. 




? 








A. subpunctata, Goldf. - - - 




X 








A. trifida, Phil. - 




X 








Ceritella acuta, Mor. §■ Lye. - - - 




X 








C. Sowerbii, Mor. §• Lye. 




X 








Cerithium Beanii, Mor. gr Lye. 




X 








C. costigerum, Piette - - - 




X 








C. gemmatum, Mor. §■ Lye. ... 




X 








C. limseforme, Bonier - 




X 








C. quadricinctum, Goldf. . - - 




X 








C.,sp. - - 




X 








C.,n. sp. - 




X 








Chemnitzia procera, Deslong 


X 










C. vetusta, Phil. .... 




X 








C. Wetherellii, Mor. If Lye. - - - 


X 










C.,sp. - " " 










Ropsley. 


Cylindrites acutus, H>ow. 




X 




1 
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localities. 




S 
P 


1 








Gasteropoda — cant. 












Cylindrites brevis, Mor. §• Lye. 




V 








C. bullatus, Mor. If Lye. - 




X 








C. cylindricus, Lye. - 




X 








C. gradus, Lye. - 




X 








C. turrieulatiis, Lye. - 




X 








Delphinula (Crossostoma) Prattii, Lye. §• Mor. 




X 








D., sp. - - 




X 








Monodonta discoideum, Lye. §• Mor. - 




X 








M. Lyellii, d'Arch - 




X 








M., sp. - - - - - 




X 








Natica adducta, Phil. - - 




X 








N. Gomondi, Lye. - 




X 








N. leckhamptonen6is, Zye. - 


X 


V 








N. punctura, Bean. - 




X 








ITerinaea cingenda, Bronn. - 


X 


X 








N. cotteswoldise, Lye. - 


X 


X 








~S. oylindrica, Voltz. - .. l ^. _._._- - 


* 










N. Eudesii, Mor. §• iyc. - 




X 






Grimsthorpe. 


N. funiculus, Deslong. - 


? 


X 




* 




N. Jonesii, Lye. - 










Eopsley. 


~$. pseudo cylindrica, d'Orb. 


X 










N. punctata, Voltz 




V 








N. triplicata, Bronn. 


X 


X 








N. Voltzii, Deslong. 




X 








N., sp. - 










Eopsley. 


Onustus burtonensis, Lye. 




? 








Patella rugosa, Sow. - - 




X 








Phasianella cincta, Phil. 




X 








P. elegans, Mor. §• Lye. 




X 








P. latiuscula, Mor. §■ ij/c. 




X 








P. Leymerii, d'Arch. - 




X 








P. parvula, Mor. §• Xjc. 




X 








P. pontonis, Lye. 




V 








P. tumidula, Mor. §■ Lye. 




X 








Pileolus plicatus, Sow. - 




X 








Pleurotomaria armata, Miinst. 


X 




' 






P. fasoiata, Soto. - 




X 








P. Marcousaria, d'Orb. - 


X 










P. omata, X'e/r. , 


X 










P. reticulata, \Deslong. - 




X 








P. sulcata, Soto. - - 


X 










Pterocera TJentleyi, Mor. '#• Xyc. i 


X 


X 








Bimula Blottii, Deslong. 




V 








E. clathrata, Soto. - - 




X 








Bissoa cancellata, Lye. §• Mor. - 




X 








Eissoina obliquatai, Sow. 




X 








E., sp. - - - 




?' 








Solarium, sp. - 




X 








Trochotoma extensa, Mor. Sf Lye. 




X 








Trochus acis, d'Orb. - 




X 








T. belus, d'Orb. 




X 








T. bijugatus, Querist. ■ - 




X 








T. Dunkeri, Mor. §• Ly[c. ',' 




X 








T. Ibbetsoni, ; M. or. Sf Lye. '- 




X 








T. Leckenbyi, Mor. #• Lye. , - 




X 








T. monilitectus, Phil. -. 




X 








T. ornatissiraus, d'Ori. var. Pontonis ATor. 




X 
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1 


1 


Localities. 




Q 


F4 


& 
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Gasteropoda — cont. 












Troohus spiratus, d'Arch. ... 




X 








T. squamiger, Mor. #■ Lye. - 




X 








Turbo elaborates, Bean ... 




X 








T. gemmatus, Lye. - - - 




X 








T. Gomondei, Mor. §• Lye. - - . 




X 








T. Labadyei, d'Arch. - 




X 








T. omatas, Quensti . . . _ 




? 








T. Phillipsii, Mor. §• Lye. ... 




X 








T., n. sp. 1 




X 








Lamellibranchiata. 












Area semula, Phil. - 




X 








A. cucullata, Gold/. .... 




X 








A. Eudesii, Mor. §• Lye. ... 




X 








A. oblonga, Goldf. .... 




X 








A, pectinate, Phil. 




X 








A. Prattii, Mor. §• Lye. 




X 








A. pulchra, Sow. - 




X 








Astarte depressa, Goldf. 




X 








A. elegans, Soto. .... 




X 


X 






A. excavata, Sow. .... 




X 








A. excentrica, Mor. #■ Lye. 




X 








A. minima, Phil. 




X 








A. pontonis, Lye. - - 




X 








A. recondita, Phil. - 




X 








A. ungulata, PAiV. - 










Grimsthorpe. 


A. Wiltoni, Mor. #• Lye. 




X 








A, sp. - - 




X 




* 




Avieula braamburiensis, PAe7. 










?loc. 


A. echinata, aSoio. - . - 




X 








Cardium Buckmannj, Zyc. ... 










Eopsley. 


C, sp. - - ' , - 




X 


X 






Ceromya bajociana,j<i'Ori. 




X 


X 






C. cont'entrica, SW. - - - 










J Braceby, 
\ Eopsley. 


C. similis, Lye - | - 


X 


X 






Corbicella complanqta,' Lye. ... 


X 








- 


C, sp. - - 








X 




Corbis, sp. - i 




X 








Cueullaea Goldfussij Horn. - - - 


X 










C. oblonga, Sow. .... 




X 


X 






Cypricardia bathonica, d'Orb. - - - 




X 








Cyprina nuciformisj Lye. 




X 








C.,sp. - 




X 








Cytberea dolabra, Phil. - - 




X 








Gervillia acuta, Soio. 




X 








G. aurita, Lye. - ... 


. X 










G. lata, Phil. - , 


X 










Gryphasa mima, Phil, or Bean. 




X 








Goniomya anguliferji, Sow. ... 
Gresslya rostrata, Phil. - 


X 




X 
X 






Hinnites abjeetus,iJAiZ. - 




' X 


X 






H. tegulatus, Mor. §• Lye. 




X 








H. velatus, Goldf. - ■ 


X 


X 


X 






Homomya crassiuscnla, Mor. #• Lye. - 




X 








Inoceramus quadratus, Lye. §• Mor. - 






X 
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Lamelmbkanchiata — cont. 












Lima bellula, Mor. Sf Lye. 




X 


X 






L. cardiiformis, Mor. Sf Lye. 


X 


X 




J 




L. duplieata, Sow. 




X 








L. gibbosa, Sow. - 




X 








L. impressa, Mor. §• Lye. 


X 










L. luciensis, d'Oro. , - 


X 










L. pontonis, Lye. 




X 








L. pectiniformis, Schloth. 


X 










L. punctata, Sow. 




X 






Ropsley. 


L. rodburgensis, Xye. (M.S.) 


X 










Lithodomus inclusus, Phil. 




X 








Lucina Bellona, d'Orb.- ■ - 




X 








L. despecta, P/«7. - i 




X 








L. d. var. cardioides, d'Arch. 




X 








L. rotundata, Smti. - 




X 








L. Wrightii, Oppel. - 




X 


* 






Macrodon hirsonensis, d'Arch. (Cucullsea 


X 


X 


X 


X 




elongata, PAtV.) 












Modlola Binfieldi, ilrfor. Sf Z#c. - " 




X 








M. gibbosa, Sow. 




X 








M. Lonsdalei, Xyc. Sf Mor. - 




X 








M. Sowerbiana, d'Orb. - - 


X 










M., sp. - - - 




X 








Myacites decurtata, Goldf. 


x ■ 










M., sp. - 






X 






Myoconcha crassa, Sow. - *- 




X 








Mytilus imbricatus, Sow: 




X 








M. lunularis, Lye, 


X 










Nesera Ibbetsoni, Mor. 




X 








Opis gibbosns, Lye. 


X 


X 








0. lunulatus, Sow. 




X 








0. similis, Desh. or Sow. 




X 








0., u. sp. 




X 








Ostrea flabelloides, Lam. 




X 


X 






0. gre^aria, Sow. ' 




X 








0. suleifeta, Phil. 




X 








Pecteu aratus, Waagen 




X 








P. elatbratas, Rom. 










Uopsley. 


P. demissus, Phil. 


X 


X 


X 






V. lens, Sow. - - 




X 






Eopsley. 


P. personatus, Goldf. 


X 


X 








P., sp. - 




X 






Grimsthorpe. 


Perna quadrata, Phil. ■ 


X 










Pholadomya fidicula, Sow. 


X 


X 


X 






P. Heraulti, Ag. 






X 


X 


'Grimsthorpe. 


P. oblita, Lye. 




X 


X 






P. ovalis, -4<7. 


X 








', 


P. Zietenii, Ag. 


X 










1 inna cuneata, Phil. - 


X 










Plaouni>psis ornatus, Mor. Sf Lye. 


X 










Plicatula tuberculosa, Mor. Sf Lye. 




X 








l'.,sp. 




X 








Pteroperna coBtatula, Desl. 




X 








V. gibbosa, Lye. 




X 








V. plana. Lye. Sf Mor. - - 




X 








1". pygmsca, Dunker. 




X 








Quenstedtia laevigata, Phil. 


X 
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Various 
Localities. 



Lamellibbanchiata — cont. 

Tancredia angulata, Lye. 

T. axiniformis, Phil. 

T. donaciformis, Lye. - 

Trichites undalatus, Xyc. 

Trigonia oostata, Park. - 

T. costata var, pullus, Sow. 

T. formosa, Lye. 

T. hemisphaerica, Zyc. - 

T. Moretoni, Lye. #• Mor. 

T. Phillipsii, itfor. §• Lye. 

T. striata, Soze. 

T.,sp. - 

Unicardium depressum, Phil. - 

U. gibbosum, iye. §• itfbr. 

U. parvulum, Mor. §• Zi/e. 



Beachiopoda. 

Rhynchonella cynocephala, Rich. 

R. spinosa, Schloth. var. Crossi Hotter. 

R. subdeeorata, J>a». 

R., sp. - 

Terebratula Buckmanni, Vav. 

T. fimbria, Sow. 

T. globata, Sow. 

T. maxillata, Sow. 

T. ovoides, /Soa>. - 

T. perovalis, Sow. < 

T. Phillipsii, Morris 

T. plicata, Buckm. 

T. submaxillata, <Soio. , - 



Pollicipes 
[Claw] - 



Ceustaoea. 



Annelida. 



Serpula socialis, Gold/. 

S. sulcata. Sow. 

S., sp. - 

S., n. sp.- 

Vermicularia nodus, Phil. 

Echinodekmata. 

Acrosalenia Lycetti, Wright 
Clypous Michelini, Wright 
Galeropygus agariciformis, Forbes 
Pentaerinus, sp. - 
Pseudodiadema depressum, Ag. 
Pygaster cbnoideus, Wright 
P. semisulcatus, Phil. - 



Ropsley. 



Grimsthorpe. 



Harlaxton. 
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Various 
Localities. 


ACTINOZOA. 

Calamophyllia Stokesii, E. fy H. 

Cladophyllia sp. 

Isastraea Iimitata, E. j- H . 

I., sp. ------ 

Latimaeandra DaviJsoni, E. 

Montlivaltia Stutchburyi; E. - - 

M. tenuilamellosa, E.lf it. 

Thecosmilia gregaria, M'Coy - 

T., sp. - ... 


? 

X 

X 

X 
X 


X 
X 

X 






Bopsley. 



Fossils of the GcEeat Oolite. 



Strophodus 



Pisces. 



Gasteropoda. 



Monodonta Lycetti, Whiteaves 
Natica sp. 

Lameiaibbanchiata. 

Cardium eognatum, Phil. - 

C. subtrigonum, Lye. #• Mor. 

Gerrillia 

Lima punctata, Sow. 

L. rigidula, Phil. 

Modiola imbricata, Sow. 

Myaeites decurtata, Gold/. - 

Ostrea flabelloides, Lam. 

O. subrugulosa, Lye. §• Mor. 

O.. sp. 

Pecten annulatus, Sow. 

P. textorius, Sckloth. 

Perna sp. 

Pholadomya deltoidea, Sow. 

P. Murchisoni, Sow. 

P. Phfflipsii, Phil. 

P. oyolum, Ag. 

Trigonia costata, Sow. 

T. Moretoui, Lye. # Mor. - 

T.,sp. - 

TTnicardium - - 

, Bkaobiopoda. 

Khynchonella concinna, Sow. 
Terebratula globata, Sow. r 
T. intermedia, Sow. - 
T. maxillata, Sow. - 
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ECHINOBEKHATA. 










Clypeus MuUeri, Wright - - - 




X 






Echinobrissus, sp. 




X 


X 




Holectypus sp. ... 




X 






Actinozoa. 










Anabacia orbulites Lamx. - 




X 







9. Fossils from the Coenbbash. 
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Cephalopoda, 














Ammonites maerocephalus, Sehhth. 


X 


X 






? 


X 


Lamellidkanchiata. 












» 


Astarte sp. - - 


X 












Avicula echinata, Sow. - 










X 




A. Munsteri, Goldf. - 




X 










Cardium eognatum, Phil. 


X . 










X 


GerviUia avieuloides, Sow. ... 










X 




Goniomya V-scripta, Sow. 


X 












Gresslya peregrina, Phil. - 


X 










X 


Hinnites abjectus, Phil. 




X 










Isocardia minima, Sow. 












X 


I. tenera, Lye. §■ Mot. 


X 


X 










Lima duplioata, Sow. 


X 










X 


L. punctata, Sow. - - - 












K 


L. rigidula, PAiV. - 


X 


X 








X 


Modiola imbricata, Sow. - - 


X 


X 










Myaoites oalceif ormis, Phil. 


X 












M. decurtatus, Phil. ... 






X 






X 


M. seouriformis, PAiZ. - - - - 


X 










X 


Ostrea flabelloides, Lam. (=O.Marshii, Sow.) 


X 


X 








X 


0. subrugulosa, Lye. % Mor. 








X 






Pecten demissus, Phil. ... 


X 












P. lens, Sow. ... 


X 


X 










P. peregrinus, Phil. - - - 


X 












P. vagans, Sow. - 




X 










Pholadomya deltoidea, Sow. 








X 




X 


P. Murchisoni, Sow. 












X 


Pinna cuneata, Phil. 


X 










? 


Quenstedtia oblonga, Phil. - - 


iX 












Trigonia Cassiopso, d'Orb. 


X 












T. costata, Sow. , 


\ x 




X 


X 


X 




T. Moretoni, Lye. #• Mor. 


1 






X 






T. scarburgensis, Lye. - - - 










X 
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Brachiopoda. 


■ 












Discina sp. 




X 










Khynchonella concinna, Sow. - 






X 








K. variatis, Schloth. - 










X 




Terebratula Bentleyi, Mor. - - 


X 












T v coarotata, Park - ' - 


X 












Waldheimia digona, Sow. 












X 


W. maxillata, Sow. - 


X 












W. obovata, Sow. - - - - 


■X 


X 






X 




W. ornithocephala, 'Sow. 


X 


X 










Annelida. 














Serpula 


X 












ECHINODERMATA . 














Echinobrissus clunicularis, Llhwyd. - 










X 




E. orbicularis, Phil. 


X 








X 


X 


Holeetypus depressus, Leske. 


X 


X 


X 




X 


X 


Plants. 














Wood -' - 
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Fossils of the Kellaways Beds and Oxfokd Clav 








• 


Oxford Clay. 


Kellaways Beds. 





a 

o 

a 
g 


* . 
s ai 

S3 

is 


si 

1 


! 

PI 


1 

-1-3 

1 

5 


i? 

fcc 

P 


i 

3 
o 

m 


•a 
■s 


GO 


I 

CO 


i 

ay 

02 


Bbptilia; 
























Ichthyosaurus 






X 


















Cephalopoda. 
























Ammonites athleta, Phil. - 

A. several other sp. 
Belemnites gracilis, Phil. 

B. hastatus, Slain 
B. Owenii, Pratt 




X 
X 




X 


X 
X 




X 


X 


X 


X 


X 

X 


Gasteropoda. 
























Cerithium muricatum, Sow. 
Rostellaria, sp. 










X 


X 












Lamkllieranchiat-a. 
























Avicula expansa, Phil. 
A. insequivalvis, Sow. 
A., sp. 

Gryphseabilobata, Sow. 
G. dilatata, Sow. - 
Nucula nuda, Phil. 


X 

X 
X 


X 






X 


X 


X 
X 








x 


Plantje. 
























Wood - , 








X 














X 
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APPENDIX II. 



Well-Sections. 

The distances given from the nearest town are mere approximations, 
to facilitate reference to the map. 

The following are the localities of 48 shallow sections given in the 
Geological Survey Memoir, " The Geology of the Fenland," by Mr. 
Skehtchly (1877). Appendix C, pp. 280-288. 



Bicker, Nos. 154, 157. 
Billinghay, Nos. 180, 181. 
Counter Drain, No. 152. 
Digby, Nos. 187, 191. 
Dogdyke, Nos. 174-177. 
Donington, Nos. 158, 160, 162. 
Dowsby, No. 153. 
Dunsby, No. 150. 
Gosberton, No. 156. 
Haconby, No. 151. 
Heckington, Nos. 193-197. 
Horbling, No. 163. 
Kyme, Nos. 188-190, 192. 



Pinchbeck, Nos. 166, 167. 

Pode Hole, No. 168. 

Quadring, Nos. 155, 164. 

Spalding, Nos. 147, 148, 166. 

Sutterton, No. 159. 

Swaton, No. 165. 

Swineshead, No. 161. 

Thornton-le-Fen, Nos. 178, 179. 

Thorpe Tilney, No. 186. 

Walcott, No. 182. 

Wigtoft, No. 159. 

Wildmore Pen, Nos. 172, 173, 
184, 185. 



(1.) Aswaeby [4 miles S. of Sleaford]. 

Barrow Hill Farm on the N. side of Aswarby Park. 

Information obtained by Me. Holloway. 







feet 


Kellaways sands and clay 


- 


- about 18 


Cornbrash - 


- 


- 15 


Soft buttery clay 


- 


- 5 


Stone - 


- 


2 


Clay - 


- 


. 20 



60 

Bored 60 feet further.— No information obtained. 

The well at the lodge of Aswarby Hall is sunk 14 feet through sandy and 
clayey beds, with occasional hard bands belonging to the Kellaways Beds. 



(2.) ASWABBY "TALLY-HO." 

Information obtained by Me. Holloway from Workmen. 

Soil ...---- 

Blue clay _..--- 

Bock (? Cornbrash) - 



feet. 
2 
6 
3 

11 



E 14304. 
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(3.) Billingboeough [8 miles S. by B. of Sleaford]. 
J. Addt, Proc. Inst. Civ. Eng., vol. Ixxiv., p. 161. 









feet 




Old Well - 


. 


10 




Quicksand ' - 


. 


23 


Great Oolite Clay] 


- Blue clay 


. 


14 


XJreat Oolite] 


- Blue rock 


■ 


14 


[Upper Estuarine Clays] 


- Blue* green, and black clay - 


26 


'Inferior Oolite] - 


Sock at - 

(4.) BlLLINGBOROTJGH. 


■ 


87 
feet. 




Old Well - 


. 


10 




[ Blue clay 
-i Bock 
L Blue clay , - 


. 


4 


[Great Oolite Clays] 


- 


4 




. 


19 




("Blue rock 


. 


14 


[Great Oolite] 


J Blue clay 
| Bock and kale, yielding good 


4 




I snpply to surface - 


. 


4 


[Upper Estuarine Series] 


" - Blue, green, and black 


peaty 






clay and kale 


• 


28 


[Inferior Oolite] - 


■ Kale - 


• 


8 



94 



(5.) Baehowbt Mikes [1 mile S.W. of Grantham]. Well in field 
; imileN.E. ofB. M. 

feet. 

. 27 

3 



Marlstone rock 
Bluish clay 



30 



(6.) Belton Ashes, 3 miles N.E. of Grantham. Mr. Lowe's Farm. 

feet. 

Soil and limestone [Lincolnshire Oolite] - - - 8 

Bed rock [Northampton Sands] ■ ' - - - - 15 

Blue [Lias] clay with noduW(sunk) - - - - 27 

do. do. (bored) - - - - 40 

90 



(7.) Botten. Spretchley's Brewery for the Spalding Waterworks. 
Information from Mr. E. Easton. 



[Fen Beds]. — Hard seashore deposits, silt, clay and chalk 
[Cobmbbash].— Limestone rock 

| Hard dark clay ... 

[Great I Green clay - ' - 
Oolite < Bock . - - , - 

Clay]. Dark heavy clay* - - - 

_Light coloured clay with powdered chalk 
Bock ..... 



[Gkeat 

Oolite.] 

[P3 '■ 



Clay and powdered chalk 

Hard rock 

Green and yellow sand 



feet. 

20 
8 
5 
3 
2 
8 

17 
4 
6 
2 

15 



WELL-SECTIONS. 
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(8.) Boubn Eatj. If miles E. of Bourn (just outside of Sheet 70). 

From specimens seen by A. J. Jtjkes-Bbowne, and information from 
Mb. Kibby, G.N.K. 



f Soft clay 
Fen Beds < Peat - - 

I Silty clay ... 

("Hard grey clay with chalk pebbles 
Boulder J Hard blue clay without stones 
Clay, j Hard clay, fuU of stones and sand 

L Marly clay with chalk pebbles 

{Hard shaly clay from - 
Stone - 

Very hard clay 
Hard shaly clay 
(Jobnbeash.— -Blue rock - 



feet, 

- 26| 

1 
2 

- 1* 
at 284 
at 29i 

- 30— 
30* to 3lf 

33-36 
4 inches 
at 37 
from 38 td 43 



(9.) Caythokpe [8 miles N. by E. of Grantham]. Ironstone Mines. 
Mb. W. Bueke, Superintendent. 

Ironstone 

Grey limestone 

Blue binds with shreds of rocks 

Hard green rock 

Blue bind with shreds of rock 

Blue binds ... 



ft. 


in. 


10 





3 


6 


46 








9 


67 


9 


183 






(10.) Caythoepe Station, 8 miles N. by E. of Grantham. 
Information from Mb. Joseph Cocks. 



Shelly rook and blue rock 

With " kale" at bottom [Marlstone] 



feet. 
. 24 



(11.) Cboxton, 6 miles S.W. of Grantham. Well at Mr. Tippin's house. 
Communicated by Mb. Cabteb of Waltham, well-sinker. 



White rock (Lincolnshire limestone) - 
Blue and white clays (Lower Estuarine) 
Bed rock (Ironstone) ... 



feet. 

- 36 

- 12 

- 3 

51 



(12.) Denton Hail [3 miles S.W. of Grantham]. 

Information obtained by Mb. Holloway from the well-sinker. 

ft. 
Soil ...... 

Mabistone jS?^ le i. i* a." /T i ^ 
j g ne iiy. checkery stone (Jacks) 

I Hard brown rock ... 

{Blue marly clay with two bands of stone, each 
lUSS? *"*".*** I '- '. '. 

Blue marly clay * * 




K 2 
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(13.) Dunsby Fen [12 miles S. by E. of Sleaford]. J. Addy, Proe. Inst. 
Civ. Eng., vol. lxxiv., p. 161. [At farm on Charterhouse Estate 
about 50 yards from the Fortyfoot Drain.] 







, feet. 


Fen Beds - - - Quicksand 


- 21 


[Oxford Clay] ' - - Blue clay - 


- 47 


[CornbrashJ - - - Bock - - 


- 10 


r Blue clay 


- 10 


[Great Oolite Clays, 334 feet] S Bock - 


- u* 


I Blue and mixed clay - 


- 12 


[Great Oolite Limestone] - Bock - 


- 18 




Green clay 


- 3 




Light-coloured clay - 


- 3 


[UPPER ESTUARQJE SERIES, 

32 feet.] 


Kale - 


- 4 


Blue clay 


- 20 




Green clay 


- 5 


» » ~ - 


, Black pea£ 


- 3 


[Inferior Oolite] - - Bock - 


- 3 




1701 


(14.) Dunsby Hall. J. Addy, loc. cit. " 






feet. 


8oil and clay - 


- 6 


[Cornbrash] - - - Bock - 


- 4 


[Great Oolite Clays] - Blue clay 


- 46 


[Great. Oolite] - - Bock - ■- 


- 14* 


[Upper Estuarine Clays] - Blue, green, and black 


peat 


[i.e., soft clays] 


- 35 


Inferior Oolite] • - • - 


Kale - 


- 7 



112* 



(15.) Eastwell [6 miles N. of Melton Mowbray]. Town well and pump 

in village. 
Communicated by Mr. Carter of Waltham, well-sinker. 

feet. 
Dug in stiff blue clay full of chalk and stones - - 75 

Bored in same, obtaining water from rock or sand at bottom 18 

93 



(16.) Frbeby (3 miles E. of Melton Mowbray). At Mr. Coy's farmhouse. 
Communicated by Mr. Carter of Waltham, well-sinker. 

feet. 
Clay with stones - - - - . - 33 

Gravel and sand - - - . . - 22 

55 

At Mr. Bett's of Freeby a well was sunk and* bored 78 feet through 
clay with stones only. 



(17.) Goadby Marwood [4 J miles N. by E. of Melton Mowbray]. Well 
and pump by roadside near the last house at the east end of village. 
Dug 18 feet: Bored 51 feet. 
Information obtained on the spot by Mr. Jukes-Browne. 

feet. 
Hard clay and bine - - - . . - 54 

Water obtained possibly from top of Marlstone. 



WELL-SECTIONS. 
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(18.) Grantham. Messrs. R. Hornsby and Sons, Ironworks, Spittlegate. 
Account obtained and Specimens examined by Mb. Hoiloway. 1874-6. 

Boring commences 12 feet below the road, and 18 feet below the base of 
the Marlstone. The first colnmn gives the thickness of each bed, the 
second the depth at which it was entered from the surface. 



\i 






CO 



o 
N 



Gravel - 
Light blue clay - 
Light brown septaria 
Blue clay- 
Brown septaria - 
Blue clay 
Brown septaria - 
Blue clay 

Light brown septaria 
Blue clay, somewhat laminated 
Light brown septaria, with calc-spar and iron 

pyrites .... 

Light blue clay - - 

Light brown septaria 
Light blue clay - 

Light brown septaria, very bard and heavy 
Darker blue clay ... 

Light brown septaria, hard 
Dark blue clay - 
Hard greystone, slightly micaceous like sep< 

taria, but without septa 
Light blue clay - 
Light brown septaria 
Light greenish-grey clay 
Light brown septaria 
Light blue clay - 
Light brown septaria 
Light blue clay - 
Light brown septaria 
Light blue clay, slightly micaceous 
Light brown septaria - 
Light blue clay, slightly sandy - 

"Sandy ferruginous limestone, micaceous and 
fossiliferous .... 

Dark blue clay - - - - 

Very ferruginous sandy limestone, no fossils ? 

Light blue clay - - - - 

Light brown septaria ... 

Light blue clay - - - - 

Dark bine clay - - - - 

Dark blue micaceous Bandy play 

Light blue clay - 

Dark blue clay, somewhat laminated - 

Dark blue micaceous sandy clay 

Hard dark blue laminated clay - 

Light .blue soapy clay - 

Stone - 

Hard laminated dark blue clay - 

Dark brown septaria - - 

Hard dark blue sandy clay with white calcareous 
particles 

Dark grey septaria 

Dark blue clay - 

Hard dark grey septaria 

Hard dark blue clay 

Dark grey septaria 

Hard dark blue clay 



ft. in. 

28 

20 

3 

12 9 

3 

2 9 

3 

16 9 

5 

8 7 

2 

9 10 
4 
9 8 
6 

19 6 
5 
9 7 

11 

10 1 

4 
7 8 

1 

11 
10 

5 2 
3 
7 9 
4 
4 8 

6 

16 6 
5 

46 7 

8 

17 4 
10 
30 

20 
20 
40 

20 
9 

10 

6 2 

1 

21 
11 

18 1 

2 
4 
2 2 

14 10 



ft. in. 

28 

61 

64 

81 

90 

100 

110 

130 

140 

151 

159 

160 
171 

177 

185 

190 

207 

254 

272 

282 

312 

332 

352 

392 

412 

421 

428 

429 
450 

469 

471 

475 
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ft. in. 



ft. in. 



Zone of .4mm. 

armatus, . 
25 feet. 



"Lighter-coloured micaceous sandy 

clay - 

Brownish, ferruginous and blue 

sandy clay with calcareous parti 

cles apparently in thin alterna 

tions - • 



f Light blue clay 
Zone asAmm. j Hard grey septaria 
oaeynotus: ■< Blue clay 
85 feet. I Stone 

L 



Zone op Amm. 



II feet. 



CO 



1 

I 



.3 



^ 



Dark blue clay slightly san< 

pstone 

| Olay 
■^ Stone 

| Dark blue clay 

LStone 
Clay - - 

Stone 

Clay .... 
Stone .... 
Dark blue clay - 
Stone .... 
Clay .... 
Stone - - ' - 

Clay - • 

Stone - 

Dark blue soapy clay 
Stone - - 

Clay - 
Stone • 

Clay ...- 
Stone - 

Clay .... 
Stone - 

Light blue clay - - - 

Stone .... 
Light blue calcareous clay 
Stone - 

Clay .... 
Stone - 

Dark and light blue clay 
Stone 

Dark blue clay - 
Stone - 
Very dark blue clay 
Stone - 

Clay . . - - 

Stone - 
Clay - 
Stone - 

Clay .... 
Stone - 

Dark blue clay, rather soapy 
Iron pyrites • - . 

Clay - - - 

Stone - 

Dark blue clay, rather soapy - 
Stone - 

Blue clay - - - 

Hard stone 
Blue clay 



dy 



21 


492 


4 


513 


14 


517 


1 


531 


66 


532 


6 i 


598 


3 6 


— 


1 3 


602 


2 9 





4 


606 


5 8 


— 


1 


612 0, 


3 


613 


.7 


616 7 


1 5 


— 


11 


618 


3 1 


— 


3 


622 


3 9 





1 2 


626 


8 10 


— 


9 


636 


5 3 


— 


8 


642 


1 4 


— 


11 


644 


2 1 


— 


6 


647 


2 6 


— 


1 5 


650 


2 7 


1 — 


2 2 


654 


19 10 


— 


8 


675 


3 4 


— 


2 


679 


6 


681 


3 


687 


7 9 


V ,' 


6 


695 


6 6 


— 


7 


702 


1 5 


— 


1 


704 


1 


— 


1 


706 


3 


— . 


4 


710 


21 8 


— 


2 


732 


1 10 


— 


6 


734 


12 2 


— 


4 





19 


747 


7 


766 


19 11 


— ■ 





WELL-SECTIONS. 








ft. in. 


ft. in. 




Stone - 


- 6 






Clay 


- 1 


787 




Stone - 


- 2 3 






Clay 


■ 1 4 


_ — 




Stone ..... 


• 2 




■43 


Tough dark bluish and greenish sandy clay 


■ 4 5 


_ 


<S 


Stone - 


• 1 


798 


HM 


Clay 


• 1 4 


799 




Stone ..... 


• 1 




1 


Clay 


4 


— 


Stone ..... 


8 






Clay 


2 


803 


J 


Stone - - - .,-,_, 


5 


, 


8h-< Clay 


5 




1 


Stone ..... 


5 


804 


i 


Clay 


1 




© 


Stone ...... 


4 


^_ 


g 


Clay ...... 


1 


_ 


^ 


Stone ...... 


9 


__ 


o 


Clay ...... 


2 6 


, 


S 


Stone ...... 


7 





o 


Clay ...... 


8 4 





N 


Stone ...... 


10 


818 




Clay 


4 2 


— . 




Stone ...... 


5 


823 




Clay 


6 7 


— 




Stone ...... 


5 


830 




Blue clay - 


1 7 


— _ 


RHiETic. J" Light grey micaceous and sandy clay - 
21| feet. \ Very hard stone - - - - 
Keuper., Hard red clay - 


20 


832 


1 4 


852 


— 


853 4 


(19.) Grantham. Union Street, near the Bom 


an Catholic 


s Chapel. 


Communicated by Mb. Marsi 


i. 


feet 


Gravel -...-. 


. 


5 


Blue clay ..... 


. 


6 


Thin layer of boulders (P septaria) 


- 


itol 




Stiff blue clay ..... 


- 


- 75 
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(20.) Grantham. Mr. Pawson's, No. 87, Westgate. 

Communicated by W. Burrows, of Great Gonerby. 

Water rose 15 feet, 



Sand 
Gravel - 
Clay 



87 



feet. 
24 

2 

6 

32 



(21.) Hale, Great, 5 miles E.S.E. of Sleaford. Town Well. 
Communicated by J. Cocks. 
Sunk 21 feet. Bored 210 feet. All clay and dice [Boulder Clay 
and Oxford Clay]. 

(22.) Hanby, Sir C. Buck's, 7 miles E.S.E. of Grantham. 

Blue shaly clay with many casts of Tellinae, a verjr little pyrites, 
and some few, small, but very elegant, Belemnites. Through 
the whole mass of clay were interspersed nodules of pure chalk 
of all sizes from that of a pea to a child's head. No water found 
at 30 feet. 
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(23.) Harrowby Hill, E. of Grantham. 
Rev. P. B. Brodie, Aim. Nat. Hist., ser. 2, vol. vi., p. 262 (1850). 

ft. in. 

Soil 6 

Rubble 6 

Inferior Oolite [? Limestone, Olay and SandJ - - 40 6 

Lias 10 

(24.)' Haydob Lane. Weaver's Lodge, 6 mile3 E. of Grantham. 



Information from Me. Burrows, Great Gonerby. 



feet. 

96 

8 



Limestone rook ..... 

Olay ....... 

(25.) Barn Cottage (? Bath Cottage) i mile E. of Nightingale Inn. 

feet. 
Limestone and underlying clay .... 135 

(26.) Hecklngton [J> miles E.S.E. of Sleaford] ; Mr. Sharpe's. 

Information from Joseph Cocks. 

Sunk IS feet, bored 167 feet. Clay with chalk-stones in the upper 
part and some chalk found within a few inches of the bottom. 
Water obtained from silt at the bottom and rose to within 3 or 
4 feet of surface. 

(27.) Horbling [7 miles S.S.E. of Sleaford]. 

J. Addy, Proe. Inst. Civ. Eng., vol. bixiv., p. 161. 



Soil- 

Gravel 

Rock 

Blue clay 

Blue rock 
"Upper Estuarine Clays] Clay, blue, green, and black 
^Lincolnshire Oolite] - Kale 



[Dbipt] - 
[Coenbbash] 
Geeat Oolite Clays] 
"Great Oolite] 



feet. 

4 

5 

6 
22 
14 
34 
•2 

87 



(28.). Hobbling. Well at Capt. Smith's, in the village. 
Communicated by Me. J. Wadsley, of Horbling. 



[Coenbbash] 

Geeat Oolite Seeies 

rtTpPEE Estuaeine] 
[Lincolnshire Oolite] 



Gravel 

- Kaly rock - 

_ f Clean blue clay [P with rock] 
" \ Rock (kaly, with small spring) 

- Blue and green clays 

- Rock with water rising to surface 



feet. 
12 

4 
38 

2 
31 

1 



(29.) Fen Farm, 2i miles east of Horbling. 
Information given-^o Mr. Skertchly by Mr. W. W. Dean, Jun. 

Peaty soil ...... 

Sapdy clay with pebbles 

Boulder clay ? V 

Oxford clay J 

Rock bed, full of fossils .... 



From the rock bed at. the bottom, Ammonites Lamberti, Belemnites 
gracilis?, Qryphma dilatata, Modiola sp.-, and other bivalves, were obtained ; 
it belongs therefore to the Kellaway series. 



ft. 
1 

2 


in 
6 



57 





1 


3 


61 


9 
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(30.) Hmoy, Great [6 miles E.S.E. of Grantham]. Mr. Chapman's farm 

house. 

Information obtained from the Workmen by Mr. Holloway. 

ft. in. 
Soil - 



x 

■< 

O 



C5 



Eammel " (Combrash) 
"Soft light bine clay 

Darker blue clay 

" Kale " 

Hard blue clay 

"Kaly"rock 

Very hard blue clay 

Grey clay 

Eock - 

Hard blue clay 
_White sandy rock, wr 



ih water, not pierced 



- 1 





- 4 





- 2 





- 3 





- 


3 


- 5 





- 


3 


- 10 





- 2 





- 


6 


- 6 





-?o. 


6 


34 


'6 



(31.) Leasingham [2 miles N.N.W. of Sleaford]. Two wells, one at 
Mr. Cooper's, and the other at Mr. H. Simmers, both alike. 

Information from Mr. Joseph Cocks, well-sinker. 

feet. 
'Geeat Oolite Clay] Dicey clay - - -16 

^Geeat Oolite] - Kock with clay bands - - 21 

T7pper Estuarine] - Dicey clay - - - - 66 

Eock - - - .2 or 3 inches. 



103 



The water rose to within 20 feet of the surface. 

(32.) Leasingham. The easternmost house in the village. 
Sunk 32 feet. Bored 51 feet. 

[Geeat Oolite Clay] Well sunk through clay P - 
[Geeat Oolite] • - Eock - , . 



[Upper Estuarine] -{ b£L. tondwd. 



feet. 
32 
33 
18 



83 



(33.) Maeeham [2 miles S.E. of Sleaford]. Mr. Sharp's Brickyard. 

Information from J. Cocks of Sleaford. 

Sunk 33 feet. Bored 66 feet. All clay and dice. 



(34.) Melton Mowbray. — Boring for town supply about 200 yards west of 
the north station (G.N.E. and L.N.W.E. Joint Line). 

Communicated by Messrs. Legeand and Sutcliit. 

Surface about 260 feet above sea level. 

fSoil - 

| Loamy sandy gravel - 
[Loam and Gravel]-^ Yellow clay and sand 

| Yellow clay 

(_Sandy gravel, with water 
Blue clay and stones - 

r Blue clay 

■j Blue shale and stone - 

I Blue Lias clay and stone 
[EHiETic] - - Dark shaly clay and stone 



[p Boulder Clay] - 

[Lower Lias, 
230 ft. 8 ins.] 





ft. in. 


2 




6 




2 




1 




3 




24 




26 6 




3C 4 




• 167 10 




■ 16 4 
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Upper Keeper 
Marls, 248 feet. 



Grey marl and stone • 

Bed marl and gypsum 

Grey Keuper sandstone 

Grey marl and gypsum 

Bed marl and gypsum 

Grey sandy marl and gypsum 

Bed marl and gypsum 

Bed sandstone 

Bed marl and gypsum 

Bed sandstone 

Bed marl 

Grey sandstone 

Bed marl and gypsum 

Bed marl and grey sandstone 

Bed marl, grey sandstone, and gypsum 

Grey sandstone 

Bed marlstone, grey sandstone, and 

gypsum 
Grey sandstone 
Bed marlstone 
_Grey sandstone 



ft. in. 

24 

61 

1 3 

2 9 
34 8 

1 4 

2 10 
1 2 
4 1 
9 
8 

2 
56 10 
37 2 

1 

3 8 

11 6 

1 

1 

1 

533 



The Local Board gave a slightly different account to Mr. James Plant 
(see Bep. Brit. Assoc, for 1883, p. 154), as follows : — 

feet. 
Brown drift clay with large boulders - 104 

Brown sandy drift clay - - - " - 45 

Lower Lias clay, with thin bands of limestone - - 212 

Rhaetic -.--•---26 
Keuper red marl with gypsum bands .... 130 
Grey mottled sandstone - - - - 40 



557 

Water rises to 120 feet below the surface, from the gypsum beds as well 
as the sandstone. No pumping as yet attempted; nor analysis made; 
further operations are contemplated. 

(35.) Newark. Trent Brewery (Messrs. Bichakdson, Earp, and Slater.) 
Well No. 3. Surface level 49 feet. 

Sunk by Messrs. Mather and Platt, 1870. 



I 

ft* 



83 ■ 



'J2 



£ 



Bed and blue marls intermixed 
Bands of gypsum and hard sandy marl 
Bed and blue marl, with hard bands of sandy rock 
at a depth of 231 feet ... 

■^ Blue flints (? hard rock) ... 

Bed stone (hard light-red sandy stone at 359 feet) 
Blue clay • • - 

Bed clay ..... 

t Bed stone (a very hard red sandy stone) 
Brown rock ..... 
Brown sandstone .... 
Stone bind (hard sandy marl) 
Brown rock (very hard sandstone) - 
Stone bind (? hard sandy marl - 

Brown granite rook (P coarse sandstone) 
Stone bind (very hard sandy stone) 
Brown rock ..... 
Bedstone ..... 
Bed clay ..... 



ft. 
■ 160 


in 



- 30 





- 135 


6 


4 





■ 60 


6 


1 





4 





- 14 


6 


7 





- 18 





- 73 


6 


2 





6 





5 





- 13 


6 


- 37 


6 


4 


6 


9 





585 


6 



An analysis of the water obtained from this well is given on p. 
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(36.) Newabx. Messes. Warwick and Sons' Brewery. 

Sunk and communicated by Messes. Le Grand and Sutcliff. 
level 36 feet. (For Analysis, p. 159.) 



Eed marl, with thin bands of soft blue stone 

Soft red marl .... 

Eed marl, with thin bands of soft blue stone 

Hard blue stone 

Ked marl .... 

Hard blue stone 

Soft red marl, with soft bands of stone 

Soft light blue stone 

Red marl - - ' 

Bed marl and gypsum 

Gypsum and blue stone 

Hard blue stone 

Eed marl - 

Eed marl and gypsum and bands of soft stone 

Hard blue stone 

Hard red marl and gypsum 

Hard blue stone 

Hard red marl 

Blue stone ... 

Red marl with gypsum 

Blue stone - 

Eed marl and hard gypsum 

Hard blue stone 

Hard red marl and gypsum 

Very hard marl and gypsum 

Hard marl, soft stone, &c. 

Dark dry soft stone > 

Hard blue stone 

Eed marl - 

Hard red marl 

Hard stone - 

Eed marl and gypsum 

Hard stone - 

Hard red marl and gypsum 

Hard blue stone 

Soft red marl and gypsum 

Hard red marl and thin bands of stone 

Hard red marl and gypsum 

Hard blue stone ... 

Hard marl, with gypsum and bands of blue stone 

Hard marl and bands of blue stone 

Eed marl and gypsum 

Red marl and bands of stone 

Red marl bands of stone, and gypsum 

Red marl and gypsum 

Red marl and bands of blue stone 

Soft marl and thin bands of stone 

Hard red marl 

Blue stone - 

Red marl - 

Soft blue stone 

Soft red marl and stiff red clay 

Hard blue stone 

Red marl - 

Soft marl - 

Hard blue stone 

Red marl 

Blue stone - 

Red marl - 



Surface 


ft. 


in. 


15 





9 





4 








6 


6 





10 


8 


8 


1 


4 





8 


5 


6 


3 








7 


1 


8 


2 


9 





4 


3 








5 


1 


9 


1 


8 


10 


2 


4 


2 


2 





5 


10 


6 


15 





3 


1 


10 


9 





4 


2 11 


1 


6 


1- 


2 


19 


1 





7 


13 


8 





8 


7 10 


4 





3 





1 


8 


18 10 


9 





. 4 


9 


5 





4 





18 


3 


17 





21 





2 


6 


1 


2 


5 


2 


2 





37 





11 


2 


1 


9 








7 


1 11 





9 


11 


3 
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Very hard stone 

Bed marl 

Very hard blue stone 

Red marl 

Bine stone - 

Bed marl 

Blue stone - 

Bed marl and gypsum 

Blue clay gypsum and stone 

Hard blue stone 

Hard red marl mixed with 

Very hard blue stone 

Blue clay 

Hard stone - 

Marl and gypsum - 

Hard blue stone 

Bed marl 

Hard blue stone 

Bed marl - 

Hard blue stone 

Bed marl and gypsum 

Blue stone - 

Bed marl and gypsum 

Bine stone - 

Stiff red clay or soft red marl and 

Hard blue stone 

Bed marl 

Total 



stone and gypsunl 



gypsum 



ft. in. 

2 3 

9 

1 2 
4 
5 

2 3 
8 
5 8 
7 9 

10 
17 

1 6 
6 

10 

1 2 
9 
2 
7 
4 
10 
6 
9 

■1 7 

9 

9 8 

6 

•0 5 

- 400 3 



Middle 

' Lias. ] Clay 



(37.) Nokmantqn, 7 miles N.1T.E. of Grantham. 

ft. in. 
-12 

- 2 to 24 

- 18 

- 3 



fClay - 
J Stone 



. Stone 



(38.) Osbouenbt [5 miles S. of Sleaford]. West end of village. 
Information obtained by Ms. Hollow ay from the Workmen. 



Soil 
Clay 
Bock 
Dicey clay 



feet. 

- 2 

- 6 

- 3 

- 16 

27 



(39.) Owthobpe. Boring for coal, 1876-1880. [This spot is in 71 S.E. 
3 miles W. by S. of Langar church, but has furnished data of 
so important a bearing on the geology of Sheet 70 as to merit 
insertion here.] . 

Information from Mr. G. S. Harrison. 

ft. in. 

Lower' Lias. Clays and limestones - - - - 12 6 

Rhtetic r Blue shale - - - - 1 3' 

Beds. < Grey marl - - - - 19 3 

34| feet.' l Black shale - - - . 14 
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"Light grey marl 
Red marl with gypsum 
Gypsum 

Red marl with gypsum 
Thin light grey limestone 
Red marl with gypsum 
Black marl with fibrous gypsum 
Red marl with gypsum 
Hard white sandy limestone 
Grey marl with fibrous gypsum 
Hard grey bed with fibrous gypsum 
Red marl with fibrous gypsum 
White micaceons stone - 
Red and grey marl with a 3-inch band of gypsum 
Red marl, rather sandy ... 
Red and grey marl with fibrous gypsum - 

TRed sandy marl and sandstone 
Lower I Eed s . and y marl ... 
Kbtjpeb < Eed( * is b. and white gritty sandstone with pebbles -. 
125 feet' 1 ^" 16 w ^ ie micaceous sandstone with a few pinkish 

1 bands ... 

[_"White and pink gritty sandstone 

Coarse-grained gritty sandstone passing into coarse and 
fine Conglomerate, of which the larger pebbles are 
quartzose sandstone and quartzite 

Red. and white marl - ... 

Sandstone and Conglomerate .... 



a« 



QQ L 



o 
O 



Fine white micaceous sandstone, sometimes gritty 

Dark red coarse-grained sandstone ... 

Red and grey sandstone and Conglomerate, the latter 
predominating - - - .-'.'. 

Red marl and banded red and grey marl, with probably a 
nodule of dark red earthy ironstone and at the bottom 
a few inches of soft white clay - 

Red, grey, and whitish fine-grained micaceous sand 
stone - - - - 

Purplish-blue and pinkish shale with a band of black shale 

1 foot thick and lighter shale with plant-markings 
Coal, mostly soft, with a little pyrites, some good com 

padt ■ ■ - 
Dark and light blue soapy shale 
Coal .--.--. 
Light blue shale with small earthy ironstone nodules 
Darker T>lue shale, numerous plant-markings and a half- 
inch band of impure coal - - 
Conglomerate - - - 
Light blue shale, soapy 
Fine-grained light grey sandstone, slightly micaceons and 

with small carbonaceous markings passing down into 
Light blue bind-lamination in core nearly horizontal 
Blue shale with ironstone nodules, and plant-markings 
Grey sandy micaceous'shale with plant-markings - 
Blue shale with a band, 1 foot,' of black soapy shale ' 
Blue shale with ironstone nodules, and a seam, 1J iuch 

thick, of micaceous grey sandstone 1 foot from bottom 
Fine-grained micaceous grey sandstone with carbonaceous 

matter ...... 

Hard grey sandstone 

Fine-grained micaceous grey shaly stone 

Blue shale with plant-remains 

Coal, rather soft, variable .... 



ft. 


in. 


19 





29 





6 





56 





2 





110 





9 





93 





5 





2 


6 


5 


6 


140 





1 





26 





11 


« 


il8 





15 





44 





34 





22 





10 





137 





2 





56 





36 





16 






17 

14 

15 

18 3 

3 

29 

2 4 

28 2 

15 7 

2 

17 9 

6 

7 6 

17 6 
5 

18 6 

10 

9 

12 

2 6 

2 6 

2 3 
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<2 § 

is 



Black, very carbonaceous, and rotten shale 

Coal - - - _ - 

Fine-grained, laminated, micaceous sandstone - _ - 

Blue bind, sometimes soapy, sometimes sandy, with 

ironstone nodules - - - - - 

Black fossiliferons shale - - - - - 

Blue shale. 



ft. 


in. 


3 


9 


1 





14 





19 





2 


6 



(40.) Pinchbeck [2 miles N. of Spalding]. Railway Station, caissons sunk 
in the river Glen at Herring Bridge. 



Communicated by Me. C. Fkow, of Spalding. 



Silt and silty sand ... 

Greyish clay with peaty band at bottom 
Dark clay becoming peaty at bottom - 
Feat - - 

Sand ..".-- 
Boulder Clay .... 



feet. 

6 

4 
20 

1 

I 

1 

S3 



(41.) Pinchbeck North Fen. At a farm on the Emmanuel College Estate, 
near Parsons Drove, and 300 yards from South Forty-Foot Drain. 

Communicated by Me. A. Rose, Bursar of Emmanuel College ; from the 
well-sinker's account. 



[Fen Beds] - 

[Oxford Clay and 
Kellaways.] 



- Quicksand and silt 
f Blue clay - 

\ Kale 

L Blue clay - 

- Rock 



[Cornbbash] - 

[Great Oolite Clays, r^-% ; 
M leet. j \Mixed c i ays 

"Great Oolite] - Hard blue rock 

"Upper Estuarine] - Mixed clays and peat 
Inferior Oolite] - Rock 



feet. 

- 12 

- 18 

- 4 

- 35 

- 19 

- 11 

- 11 

- 7 

- 22 

- 31 

- 82 

252 



Only a small supply of water being obtained at the top of the oolite, 
the bore was carried to its present depth without reaching the base of the 
rock. 



(42.) Quadeing Low Fen [8 miles N.N.W. of Spalding]. At Farm by 
letter N of North Drove. 



Peat 
Clay 
Peat 
Gravel 



Obtained by Mr. S. B. J. Skertchly. 



feet. 
0* 
23 

li 



25 
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(43.) Quarrington (1 mile S.W. of Sleaford). About half a mile S. of the 

Church. 

From an account by J. Cragg in Wesbubgh's Sketches of Sleaford, 

1825. 
Boring made in 1798-9. Spring rose to 15 feet above the surface 



[Coenbrash] 



[Great Oolite Clays, 40£ 
feet.] 



[Gbeat Oolite, and Upper 
Estuarine, 53J feet.] 

[Lincolnshire Limestone, 
and Northampton Sand.] 

[Upper and ? Middle Lias 
Clay.] 



Sandy moory soil 

Blue stone rock ... 
TBlue bine of a marbly clay-like appear 
I ance, tender and soapy 
J Stony rock 
j Stronger blue bine 

Brown bine and limestone 
(_Coals - 
("Stone of marble-like grit 

Chiefly blue stone solid rock 

Depth of water bursting out violently 
I and uniformly, running to this day . 
("Chiefly solid stone rock with one small 
■I mineral spring shown by rust on the 
L boring irons - - - • 

("Chiefly a very hard and uniform bed o. 
J blue slaty bine intermixed with a few 
"I balls of ironstone and pieces of very 
L strong sulphur [pyrites] 



feet. 
4 
7 

21 

3 

12 

4 
i 

3 

2 
51 



195 



180 
479J 



N.B.— -No dependence can be placed upon this account. 

(44.) Quaeeington. Mr. Sharpe's House. 

Information from Joseph Cocks of Sleaford. 

Sunk 46 feet. Bored 167 feet. Chiefly through clay and blue rock, the 
rock being very thick in the lower part. 

(45.) Kauceby (3 miles W. of Sleaford). Bcmceby Bottom Gate-home by 

railway. 

Information from Mr. Joseph Cocks. 

feet. 
Sand and gravel - - - - - - 16 

White rocks (Lincolnshire Oolite) - - - - 11 

27 



Two feet of water found running through a joint at the bottom, direction 
7°S.ofE. 



(46.) South Rauceby. Mr. Bland's House. 
* Information from Mb. Bland. 



go 
£ 





ft. in. 


r Soil 


- 2 


Rock .... 


- 6 


Loamy clay - 


- 3 


Bock .... 


- 1 3 


Loamy clay - 


- 3 6 


Blue rock - - - r . 


- 2 


Loamy clay - 


- 2 


^Sandy rock with carbonaceous markings ■ 


-16 



15 3 
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(47.) Rauceby. Cottages in the hollow, between North and South. 

Information from Mb. Bland. 

ft. in. 

Soil and clay - - 2 

f Strong blue and purple clay 3 or 4 

[Upper Estuarine Clays] -< Tea-green clay - - 4 or 5 

I Skerry - - 4 

rT /-in f Hard blue shelly rock with 

[Lincolnshire Oolite] -{ a softer marl/band - - 8 

About 16 feet. 



(48.) Saltby [7 miles S.W. of Grantham]. At Mr. Cobley's farm, N.E. 

end of village. 

Communicated by Mr. Carter of Waltham, well-sinker. 

feet. 
Clay with stones (? Boulder Clay) - - ■ - - 6 

White rock (Line. Limestone) - - - - - 42 

Sand (with water) - - - - - - 3 

51 



(49.) Scalpord [3 miles N. of Melton Mowbray]. At the Windmill, half a 

mile S.E. of. 

Communicated by Mr. Carter of Waltham (the well-sinker). 

feet. 
Clay with stones (Boulder clay) dug - . - - - 51 



Do. do. bored 

Sand and gravel at base, with water 



} 



20 
71 



(50.) Scalford. At the Rectory. 
Information from Mr. T. Brown, well-sinker. 

feet. 
Sand and gravel (Glacial) - - . . - 21 

Sand rock (Marlstone) - - - . . - 4 

_25 

(51.) Scalpord. Wells in north part of village. 
Information from Mr. T. Brown, well-Binker. 

feet. 
Clay full of Btones ... „• f rom 20 to 33 

Soft loamy sand with water - - . 2 to 3 

Clay with stones below - touched 



22 to 36 



(52.) Scredington [3 miles S.S.E. of Sleaford]. Mr. Clarke's. 
Information from Joseph Cocks. 

Sunk 46 feet, and bored 56 feet. Water found in the silt at the bottom 
and rose to within 43 feet of surface. 
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(53.) Shelton [6 miles S. by W. of Newark]. Boring at Manor Farm. 
Information obtained by Mr. Holloway. 

Red marl (dug in trial hole) 
Gypsum .... 
Red marl .... 
Gypsum .... 
Red marl with bands of gypsum 
Whitish gypsum 

Red marl with thin bands of gypsum 
Gypsum - - - - 

Red marl .... 
Gypsum .... 



ft. 


in 


12 





2 


6 


2 





2 





4 





1 


6 


2 





2 





3 


6 



31 6 



(54.) Sleaford. Mr. Chamberlain's, West Street. 

Information from Mr. J. Cocks, well-sinker. 

ft. in. 

[CteoED Clay] - Dicey clay - - - about 20 

[OdnrimuH] - --P ^ ** bands and courBes and \ a 

J 1 blue rook - - - 4 6 



24 6 



(55.) Sleapoed. . Mr. Fearey's, Queen's Head, Westgate. 

ft. in. 
- about 14 
■ „ 13 



Dicey clay - - [Oxford Clay] 

Shelly rock (" Kale ") [Cornbrash] 



15 3 



(56.) Sleafoed. Mr. Sharpe's Farm, outside the railway gates. 
Sunk 33 feet, bored for 62 feet. 



Cob^ashU^^ 611 ^ ru ™y rock 



S£ JB^ock - 
Ptats 1 Qlay and marl 

OLAYS. [ Bluerock . 



ft. in. 

? 

1 2 

3 4 
1 4 

4 6 
1 6 



Similar alternations Of clay and rock to the bottom. 



(57.) Someeby. Manor House [3 miles E.S.E. of Grantham]. 
Information obtained by W. H. Hollo way. 

feet. 
Limestone rock - - - - - nearly 100 



(58.) Speoxton [8 miles S.S.W. of Grantham]. The town pump and well. 
Communicated by Me. Caetee of Waltham, well-sinker. 



Dug in blue clay 

Bored through clay into sand 



E 14304. 



feet. 

60 

9 

69 

L 
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■ (59.) Speoxton. Well at Mr. Pulford'a farm. ; .!.■. 
Communicated by Me. Caeter of Waltham, wejLl-sinker. 

. Dug' through red rock. (Marlstone) - 



feet. 
27 



(60.) Stonesby {9 miles S.W. of Grantham]. Well at cottage, west of 

church. ., : , -. ■ 

Information obtained on the spot, by A. J. Jukes-Beowne. 

feet. 
White rock (Lincolnshire Limestone) - - - about.' 15 

Sands (Lower. Estuarine) - - - - - 4 

Bough rock - • - - - - . • 5 ■ 

24 



(61.) Swaeby [4 miles S.S.W. of Sleaford].' Opposite the Church. 
Information obtained by W. H. Holloway. 

. ft. in. 



Soft brown rock in bands, from six to 

twelve inches thick, with marly 

[Cornbeash] •■£ partings - - - - ' ' - 

Hard blue rock, with a few marly 
partings -'-,-' i . - - 



[Great Oolite 
Clay]. 



2 6 

3 3 



• Blue clay 



- 20 



29 3 



(62.) Swaeby. Boring for water, close to site of old well. 

Information obtained by;W. H. Holloway. Particulars below depth of 
57 feet uncertain. 

ft. in. 

Soil - - - - 2 

[Coenbrash] - - Bock - - - - 1 6 

[Geeat Oolite Clay, 294 /Yellow, green, and dark blue 

feet;] I clay - - - - 29 6 

f-Hardrock - - - 12 

[G^ATOc.iTELiMEmJK-S^ . ; ; S'J. 

M teot 4 , , [Dark blue clay - - 8 

(jHard rock - - ' - 1 6 

[Upper Estuarine Series.] Light coloured clays - ? 20 

("Bock - - : - - ,1 6 

-I Clay - - - - 3 

-<Bock - - - - 6 

] Soft stone (a little water) - 12 

tHardrock - - " ^?1 

92 6 



[LINCOLNSHIRE OOLITE] 



(63, 64.) Thorpe Arnold [a mile E.N.E. of Melton Mowbray]. (1.) Mr. 
Garner's; (2.) Mr. Woodcock's. . ;; ,, 

Communicated by Me. Caetee, Waltham. • " 

Through clay with stones into sand and gravel at (1) 33, and (2) 54 
z feet respectively. 
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(65.) Waltham [10 miles S.W. of Grantham]. In the stackyard at Mr. 
Musson's Farm, north of Waltham Station. 

Communicated by Me. Castes, of Waltham. 

feet. 
While rock (Lincolnshire Limestone) - - about 15 

White and blue clays (Lower Estuarine) - - „ 20 

Ironstone - - - - - - „ 4 

Total depth 13 yards = 39 

Another well at the lodge by the farm buildings was 17 yards (51 feet) 
deep, passing through — clay with stones (the edge of the Boulder Clay), 
limestone, and clean clay; about half the depth (25 feet) being in the 
lower clays. 

(66.) Waltham. At Carter's Cottage, 2 furlongs B.&.E; of church. -. 
Information from Mb. Cartes, well sinker. 

1 feet. 

Ironstone and sandstone - - - - - 30 

(67.) Waltham. Well and pump on the Green W. of church. 

' .', feet. 

Ferruginous sandstone - - • - . - 7 

Blue_clay (Upper Lias) - - - - - i. ■- 14 

; '21 

(68.) Waltham. Well in the yard of Royal Horse Shoe Inn. 

i.i, ' feet- 

Dug and bored in the clay (no water) - - - • 120 

feet. 
(69.) Waltham. Well at cottage W. of the Inn yard. 

Ironstone and sandstone, with water at depth of ; - - 14 

(70.) Wilsfoed. Gatehouse on railway [4 - miles W.S. W. of Sleaford]. 

Information from Me.. Joseph Cocks.. ,\ < 

feet. 
All white rock [Lincolnshire Oolite] - - - - 66 

Water at bottom from an open joint. 

(71 72.) Wtkeham (near Scalford) [11 miles; S.W. of Grantham.] , Two 
' wells on branch railway. 

Information from Mr. H. C. Cheetham. 1882. 

'1. J. 
feet. feet. 

Open rock [Marlstone] 30 25 

Bock - - • iof [ 
Glay With nodules - "___ 'u 

90 110 

In the second well the 85 feet clay includes three 4-inch layers of rock, 
the positions of which were not reoorded. 



L 2 
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APPENDIX III. 

Mineral and other Waters. By W. H. Dalton. 
Dr.. Short, writing in,1734 of the mineral waters of this part of England 
(see Appendix TV.), mentions chalybeate springs at Oawthorpe (2 miles 
north of Bourn), Stainfield'(4 miles N. by'W. of Bourn), Sempringham, 
Walcot, Annsby, Aswarby, Grantham (Spittlegate), Orston, Soreveton, 
and Flintham. The crude chemistry of that early period largely detracts 
from .the value of his fully detailed tests, but the solid residue obtained by 
evaporation may be worth recording. This he divides into soluble salt 
and insoluble earth : — 

Total. 

grs. earth. - 160 

264 

80 

55 

32 

256 

304 

480 

60 

136 

" . . . Brook called Cardyke, the water whereof is used in brewing, 
makes the table beer a pleasant gentle cathartic, and lines the stream of 
the brook with black sulphurous sludge. This beer tastes winey, sparkles, 
and is like rich champagne."* 

At Billingborough there is a remarkably strong spring constantly in a 
state resembling ebullition, and said to be the origin of the name Boiling- 
borough. It evolves large quantities of gas, consisting of— 

Carbonic acid ..... 3 - 428 

Oxygen - - -*- - - ■ 4' 143 

Nitrogen - - - - - - - 92'429 





Residuum 


FEB 


Gallon. 


Oawthorpe - 


- 


72 


grs. salt, 88 


Stainfield - 


^ 


154 


■ „ no 


,, (Bandwell) 


36 


# 


(Batting Well) - 


32 


21 


Sempringham 


-" 


9 


23 


Walcot 


. 


144 


112 


Aunsby 


- 


160 


144 


Aswarby - 


- 


— 


J J 


Grantham - 




24 


26 


Orston 


- 


— 


J» 



In volumes - 


100-000 


A gallon yields the following 


solid ingredients : — 




grains. 


Carbonate of lime - 


14-6660 


, , magnesia 


- 0-4135 


,, iron - 


- 0-6187 


„ potash 


- 0-4402 


,, soda • 


- 2-1100 


Sulphate of lime . - 


- 6-9189 


,, .. potaBh- 


0-3759 


, Chloride of magnesium 


- 1-3240 


„ potassium 


- 0-1534 


Silica 


- 0-6670 


Nitrate of ammonia 


trace. 


Phosphoric acid 


- trace. 


Organic matter 


trace. 




.27-6876 



* Dr. Short, op. cit ., p. 222. 
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Twenty-five yards distant is a strong chalybeate spring, close to which 
is a third "•containing but little ivon, but famous as an application to 
ulcerated eyelids" (? containing traces of iodine or bromine). The above 
particulars are given by Mr. J. W. Kynaston in Jowrn. Chem. Soc, 1860, 
vol. xii., pp. 57-62. 

The following are analyses of the water yielded by the wells as Newark, 
Nos. 36 and 35 of the preceding list : — 



1. — Messrs. R. Warwick and Sons. 

Temperature 51^° F. Determinations in duplicate. 
Nessler's test gives scarcely any colouration. 

grs. per gal. 
Total residue at 110° C. - - - 170-12 and 198-49 

Sulphuric acid (S0 3 ) .... 81 "18 
Calcic carbonate, precipitated on boiling - 6*38 

rganic matter "1 By Frankland's 1 -05324 and -07592 
jf method J "03617 and -04009 

from nitrates and nitrites - - 2*1284 and 2'1153 

Residue perfectly white, does not blacken on heating, but gives off 
fumes of N 2 5 . 



Nitrogen 



2. — Messrs. Richardson, Barp, and Slater, Trent Brewery, Newark. 
From No. 3 well by Professor C. Graham, November 1881. 

With this we give (for comparison) an analysis of water from Keuper 
marls at Burton-on-Trent, JBep. Brit. Assoc, for 1875, p. 119 :— 

• Burton-on- 



Oarbonate of lime 
Sulphate of lime 
Nitrate of lime 
Sulphate of magnesia 

„ soda 

Chloride of sodium 

„ potassium 
Carbonate of soda 

,, magnesia 

Alumina, oxide of iron, silica, &c. 

,,,-,.. <■_ f 181-92 124-297 

Total anhydrous salts by hydration, &c. - ^ 139-3 

Saline ammonia - - • - - 0*0035 

Albumenoid ammonia - 0'0028 

No nitrites. No blackening of residue when heated. -The bore is lined 
with tubes to about 300 feet down. 



Newark. 


Trent 


grs. per gallon. 


6-00 


9-046 


- 84-93 


79-994 


4-85 


— 


- 23-91 


12-600 





13-300 


5-76 


9-173 


— 


•966 


4-45 





_ 


5-880 


fFeO 1-218 
■ 202 tSiO„ 1-120 
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APPENDIX IV, 

' List of Heights. 

The following levels by the Ordnance Survey are taken from the 
Abstracts of the Principal Lines of Spirit Levelling in England and Wales 
(1861) By comparison of these with the Map, it will be seen that the 
levels given on the latter are thpse of the "bench-marks" made, ; by the 
Ordnance Surveyors, and ranging from one to three feet from the suriaoe 
of the ground. Such only of these marks are here noted as are situated, 
at important or easily-fixed spots. The work named gives the distances 
in chains and links between the marks, and. carries the calculations ot 
altitudes to the, third place in decimals (feet). The datum-line is the 
mean, sea-level at Liverpool, about two , feet above low- water mark at 
Boston. 

I.— FfiOM SUTTERTON, BY SWINESHEAD AND SlEAIOED, TOWARDS LINCOLN 



Locality. 

. Sutterton Station, S,W. corner 

„ Church, ,, .-,.->,, 

*Algarkirk Bridge „ 

*•'<,, Church, JST. of chancel' -■ i- 
Bose and Crown, Sutterton - - -'-■ 

, Gpjden Fleece, Wigtoft 
Wigtoft Church, S.W. corner 
Swinesheaid church, N.W. corner - 

*Lion s SwineB&ad .- 

*Hammond Beck Bridge, Kirtdn Holme 

*Wagon and Horses -- 

*Baker's Bridge::. -- 
Wesleyan Chapel, Swineshead 
Gplden Cross ;'\5 
Swineshead Bridge .- 
High Bridge>ll5 feet above canal bed 
Kinth Mile-post from Sleaford and.Boston • 
foil-ihpusej HecMngton Fen 
Eighth .Mjleip'ost from Sleaford " 
Toil-house, Heckington Fen side 
Seventh MileJpost from Sleaford 
Sixth :„ :' ' ,, 

Eoyal Oak, Heukington 

fGreat Hale Church, N.W. corner .- 
HeckiagfeomChurehj.-i n-r; , •*-*.,- ■ - 
Fourth Mile-post from Sleaford - i , 

*Asgarby Church, S. of tower 
Toll-house, Kirkby Laythorpe 

*Kirkby Laythorpe Church, S.W. corner 
First Mile-post from Sleaford 
Hanley's Monument, Sleaford 

Canal, Sleaford ----- — - 

Sleaford Church, S.W. corner 
Sleaford Grammar School - 
Leasingham Church, S.W. corner - 
Sun, Leasingham ... 
*Branswell Church, N. door - 
Toll-house, Ashby - 
Bead to Wellingore - 



'•" 



:ijr 



Height 
above 

Surface. 
1-9 
2-8 
2-2 
2-8 
2'1 
2-0 
2-4 
2-8 
0-9 

1-3 
1-4 
.1-6 
21 
3/8 

2 7 5 
1-3 
1-7 
1-4 
1-5 
2'4 
1-8 
1:9 
1-9 
17 
2-6 
1-7 
1-0 
29 
1-3 
•7 
3-9 
1-8 
0-9 
1-9 
2-7 
1-7 
1-8 



Altitude 
of 
Mark. 
16-0 
16-3 
12-0 
15-9 
12-9 
14-4 
16-3 
21-5 
11-8 
93 
12-i 
14;6 
16-9 
13-7 
15-6 
10-4 
14-1 
14-2 
12-2 
133 
14-6 
26-0 
42-8 
30-0 
293 
29-6 
32-6 
32-9 
41-9 
40-'9 
51-4 
48-3 
55-9 
75-8 
74-5 
92-8 
90-8 
159-5 
134-9 



* Branch levellings to right. 
f „ to left. 
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II.— Along the Posswax through Newaek. 
Locality. 

Plintham Lodge Gate 
*Black HorBe, Plintham 
*Plintham Church 

Syerston Lodge 
*Syerston Church, S.E. corner 

Elston Lodge - 

Elston Church, S.W. comer - 

East Stoke (N.E. end) . 
fFarndon Church, N.E. corner 
*Hawton Church 

Spring House Inn, Newark - 
*Barracks, Albert Street 
*National School, Albeit Street,' S.E. angle 
*TownHall ... 
*Newark C.hurch,.N.W. angle- 

Eoman Catholic Chapel 

Corn Exchange 

Junction of North Gate and Kirkgat 

Great Northern Tavern 
fWinthorpe Church - 

III. — Great Noeth Eoad theough Grantham to Newark, 

Old Black Bull, Witham Common 
fNorth Witham Church 

Ninth mile-post from Grantham 

Colsterworth Church north of town 

Queen, Colsterworth - 

Crabtree College 
fStoke Eochford Church 
*Great Ponton Church 

Little Ponton Cottages 

Spittlegate toll-house 

New Inn, Spittlegate, Grantham 
fSpittlegate Church - 

Barley Mow ... 

Town Hall - 
*Church - - - 

*British School-house 
*Wesleyan Chapel 
*Manthorpe Church - 

Roman Catholic Chapel 
fEailway Bridge, Barrowby Eoad 
fBarrowby Church - 
fBarrowby Toll-house 
fWash Dyke Bridge - 
■j-Sedgebrook Church, W. of Tower 

Bailway bridge over Great North Eoad, Grantham 

Lord Nelson, Middle Gonerby 

Great Gonerby Church 

Side Toll-house to Allington 
fAllington Church, S.W. corner 

Poston Toll-house 
*Marston Church 

Poston Church, N.W. angle - 
Poston Bridge ' - 
Eeindeer, Long Bennington 



Height 


Altitude 


above 


of 


Surface 


Mark. 


2-9 


172-2 


• 17 


124-0 


1-5 


136-1 


1-4 


141-1 


2-2 


119-2 


2-4 


109-6 


2-2 


88-9 


2-5 


62-4 


31 


51-2 


1-7 


50-5 


2-6 


48-9 


2-4 


57-4 


0-8 


56-4 


2-2 


58-5 


.. 1-4 


60-9 


0-9 


54-0 


2-0 


56-2 


1-7 


51-5 


2-3 


42-3 


1-2 


63-4 


co Newaek. 


29 


380-4 


3-9 


339-0 


1-5 


361-6 


2-9 


327-5 


1-9 


299-4 


17 


348-4 


2'8 


298-0 


2-7 


262-8 


2-6 


261-0 


1-9 


327-4 


2-9 


211-1 


2-3 


210-0 


2-2 


191-9 


1-3 


192-0 


1-2 


186-3 


— 


169-7 


1-7 


191-3 


0-9 


173-9 


1-6 


187-0 


2-6 


195-9 


3- 


364-8 


17 


320-2 


1-2 


142-3 


1-1 


139 


2-0 


195-9 


2-2 


243-5 


1-8 


331-3 


31 


148-4 


2-4 


157-8 


2-0 


106-0 


26 


103-8 


3-5 


1441 


2-4 


78-4 


20 


95-7 



* Branch levellings to right, 
t »> >> to left. 
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Locality. 

Wheatsheaf 
♦Dry Doddington Bridge over Witham 

* ,, Church N.W. corner 
Shire Bridge, oast battlement 

,, north ,, 

*Glaypole Bridge 

* ,, Church, S.W. corner 

* ., entrance to Windmill 
Balderton Toll-house 

* ,, Church 
Turk's Head, Balderton 
Pyramids, Newark Cross 

In the Rainfall Tables, cited on p. 163, the altitude of Belvoir CaBtle 
is given as 237 feet above sea level, and of Pode Hole, Spalding as 
20 feet. 



Height 


Altitude 


above 


at 


Surface. 


Mark. 


• 2-6 


850 


16 


687 


2-4 


161-5 


2-8 


56-9 


. 1-6 


54-4 


1-8 


62-0 


• 2-4 


725 


22 


79-7 


2-8 


49-6 


1-8 


66-5 


• 3-0 


61-5 


07 


535 



* Branch levellings to right. 
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APPENDIX V. 



Kainfall. 

The "Kainfall Tables of the British Isles for 1866-1880 " compiled for 
the Meteorological Council by Mr. Gr. J. Symons, furnish information as 
to the monthly rainfall at many points in or near our present district. 

We append the averages for 15 stations :- 









Approximate 






Inches 


height above the 






Annually. 


Sea in Feet. 


Sheet 64. 


Peterborough 


23-78 


50 


3 9 


Bourne - 


2358 


167 


Sheet 69. 


New Holland 


2495 


. 18 


Sheet 70. 


Spalding - 


25-87 


20 




Belvoir Castle - 


26-83 


237 




Stubton - 


26-03 


— 


Sheet 71. 


Southwell 


28-68 


— 


Sheet 82. 


. Eetford - 


23-77 


52 


Sheet 83. 


Gate Burton 


24-83 


' 96 


j j 


Stockwith 


23-66 


21 


j j 


Lincoln - 


26-40 


26 


Sheet 84. 


Louth 


30-40 


111 


Sheet 86. 


Appleby - 


26-40 


60 


»» 


Barnetby - 


24-81 


51 


>t 


Brigg 


23-96 


16 




Ulceby - 


28-19 


60 
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APPENDIX VI. 



Chronological List of Books and Papers relating to the 
Geology of Lincolnshire and East Nottinghamshire. 

Compiled by W. WhitakeU, B.A. (Lond.), F.G.S., Assoc. Inst. C.E., 
and W. H. Dalton, RG.S. 



ALPHABETICAL LIST OF AUTHORS, WITH DATES. 



Addy, J., 1883. 

Anderson, Sir'C., 1847. 

Anon., 1671, 1765, 1822, 1825, 1838, 

1863, 1876, 1882. 
Ansted, Prof. D. T., 1878. 

Banks, Sir J., 1817. 
Barrois, Dr.C, 1876. 
Beavan, F. W-, 1879. 
' Bedford, W.; 1839, 1843. 
Binney, E. W., 1840. 
Blake, Bev. J. F., 1875. 
Bogg, E., 1816. 
Bowman, J. E., 1840. 
Britton, J., 1807. 
Brodie, Bev. P. B., 1850, 1851, 1875, 

1876. 
Burton, F. M'., 1867, 1879, 1884. - 

Carr, W. D„ 1883, 1884. 

Clark, E. Hi, 1865. 

Clarke, J. A., 1848, 1851, i«54, 1878. 

Conybeare, Bev. W. D., 1822. 

Cross, Bev. J. E., 1875. 

Cuffe, B., 1867. . 

Daglish, T., 1875. 

Davidson, T., 1851, 1874, 1876, 1878. 

De la Beohe, Sir H. T., 1839. 

Del a Pryme. See Pryme, Bev. A. De la. 

De Bance, C. E., 1882. 

Dikes, W. H., 1837. 

Dove, G., jun., 1876. 

Druoe, S. B. L., 1882. 

Dugdale, Sir W., 1662. 

Duncan, P.M., 1867, 1868. 

Edwards, L., 1769. 
. Englefield, Sir H. 0, 1782. 
Evans, J., 1872. 

Frow, C, 1872. 

Gascoyne, B., 1880. 
Geikie, J., 1877. 
Giles, G., 1849. 
Gordon, L. D. B., 1851. 

Harrison, W. J., 1876, 1882. 
Hart, T., 1881. 
Howse, R., 1875. 



Hull, E., 1866, 1872, 1876, 1877. 
Hunt, B., 1861. 

Irving, Eev. A., 1875. 

Jenkins, H. M., 1869. 

Judd, J. W„ 1867, 1868, 1870, 1872, 

1875. 
Jukes-Browne, A. J., 1879, 1883, 1884, 

1885.. 

Keeping, H., 1882. 
Kingsley, Rev. C, 1867. 
Kynaston, J. W., 1860. 

Lee, J.tE., 1837, 1881. 
Limbird, J., 1787. 

Lycett, J., 1853, 1863, 1872, 1874, 1875, 
1877, 1883. 

Maedakin, Capt., 1877. 
Mackintosh, D.,' 1880. 
Marrat, ^.,.1814. 
Mawer, W., 1884. 
Meade, R. 1876, 1882. 
Miller, S., 4, 1878. 
Morris, J., 1853, 1869. 
Murray, J., 1861. 

Oldham, J., 1854. 

Pechell, A. H., 1865. 
Percy, Dr. J., 1864. 
Phillips,J., 1844, 1855. 
PhiUips, W., 1822. 
Pickwell, R., 1878. 
Pilbrow, J., 1884. 
Pocklington, W., 1800. 
Pryme, Rev. A. de la, 1700. 
Pusey, P., 1843. 

Eeade, T. M., 1882. 
Reid, C, 1883, 1884. 
Rome, Bev. J. L., 1868. 

Saunders, J., jun., 1834. 

Seeley, H. G., 1861. 

Serrea, Costa de, 1799. 

Sharp, S., 1873. 

Shelford, W., 1869. 

Short, Dr. T., 1734,-1740, 1765. 

Skertchly, S. B. J., 1872, 1877, 1878. 



BIBLIOGRAPHY. 



Smith, C. H., 1839. 
Smith, W., 1817, 1821, 1839. 
Sollitt, J. D., 1854, 
Sowerby, J., 1816, 1822. 
Stevenson, R., 1820. 
Stone, T., 1800. 
Strahan, A., 1884. 

Tate, R., 1867. 

Thompson, P., 1856. 

Thoresby, R., 1702, 1723. 

Topley, W., 1873. 

Trollope, Rev. B., 1858, 1864, 1872. 

Wainwright, JJ, 1826. 
Walcott, M. E. C., 1861. 



Wallis, T. W., 1879. 

Wesburgh, Dr. A., 1825. 

Wheeler, W. H.,1868, 1876, 1878, 1881. 

Wilson, B., 1877, 1879, 1881, 1882. 

Wilson, J. M., 1874. 

Wiltshire, Rev. T., 1858. 

Wood, S. V., jun., 1868, 1870, 1878, 

1880. 
Woodward, H. B., 1874, 1876. 
Wright, Dr. T., 1879, 1881-1883. 
Wright, W. T., 1884. 

Young, A., 1799. 



Geological Bibliogbaphy or Ldtcolnshiee and East Notts. 
1662. 



Dugdale, Sie W. 



The History of Imbanking and Drayning of 
Divers Fenns and Marshes. Fol. Land. (2nd 
Ed. revised and corrected by C. N. Cole. Pol. 
Lord., 1772). 



Anon. 



1671. 

A Eelation of the abundance of Wood, fonnd 
underground in Lincolnshire (Isle of Axholme). 
Phil. Trcms., vol. v., pp. 2050, 2051 



Pbyme, Eev. A. de la 



1700. 
A letter i ebncerning Bronghton in Lincoln- 
Shire, with observations on the Shell fish ob-> 
served in the quarries about that place. Phil. 
Trcms., vol. xxii., pp. '677-687. 



Thoeesby, E. 



1702. 

Part of a Letter [on bones, &c. in the Fens.] 
Phil. Trcms., ypl, xxiii., pp. 1158-1160. 



Thoeesby, E. 



1723: ■" " 

Some Amendments and . Additions to the 
Account of Things found under Ground in Lin- 
colnshir,et '[lTO2]il'j' Phil. Trans., vol.. i xxxiit, 
pp. 344-346. . - 



Shoet, M^- 



1734. 

■ Thb Natural, Experimental, and Mediciri&i 
' Histwyiif "the Mineral Waters of Derbyshire, 
Lincolnshire, and Yorkshire. Particularly those 
of ScarbjOjough,- .... Together with the 
Natural History of the Earths, Minerals and 
ESsslls through v&ich the Chief of 'them pass. 
. l J 'i' 'i' pp. 360, 4 plsi, 4to. London. 
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Short, Dr. T. 



1740. 

An essay Towards a Natural, Experimental, 
andMedicinal History of the Principal Mineral 
Waters of Northamptonshire, Leicestershire, 
and Nottinghamshire. Particularly those of 
NevileHolt. 4to. Sheffield. 

' Natural, Experimental, and Medicinal HiBtory 
of the Mineral Waters of England. 4to. Sheffield. 



Anon. [Dk. T. Short] 



1765. 

A General Treatise on various Cold Mineral 
Waters in England, but more particularly on 
those at Nevile Holt. 8vo. London. 



Edwards, L. 



1769. 
Survey of Witham (some geological notes). 



Englepit,ld, Sir H. C. 



1782. 

Account of the Appearance of the Soil at 
opening a Well at Hanley in Lincolnshire. 
Phil. Trans., vol. lxxi., pp. 345, 346. 



Limbird, J. 



1787. 

An Account of the Strata observed in sinking 
for water at Boston in Lincolnshire. Phil. 
Trans., vol, lxxvii., pp. 50-54. 



Serrea, Gosia de 
Young, A. 



1799. 

On a Submarine Forest on the East Coast of 
England. Phil. Trams., vol. lxxxix., pp. 145-56. 

Agricultural Report of the County of Lincoln- 
shire, with a Map and Plates. 8vo. London. 



Pocklin&ton 
Stone, T. 



1800. 

Report for Draining the East, West, and 
Wildmore Pens. 

Review of the Corrected Agricultural Survey 
of Lincolnshire by Arthur Young. 8vo. 



Britton, J. 



1807. 

A Topographical and Historical Descript: 
of Lincolnshire. Beauties of England and Wa 
vol. ix., p. 523. 



Mabrat, W. 



1814. 

The History of Lincolnshire, topographical, 
historical, and descriptive. 3-vols. 4to. Boston. 



Bogg, E. 



1816. 

A Sketch of the Geology of the Lincolnshire 
Wolds. Trans. Geol, Boo., vol. iii., pp. 392-398. 



SOWERBI, J, 



• 1816-1818. 

The Mineral Conchology of Great Britain, 
vol. ii. 8vo. Lpndon, 
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Banks, Sib J. 
Smith, W. 



1817. 

Account of an Ancient Canoe found in Lin- 
colnshire. Jowrri. Sei. Arts, vol. i., p. 244. 

Stratigraphical System of Organized Fossils 
with, reference to the specimens of the Original 
Geological Collection in the British Museum. 
Explaining their state of preservation and their 
use in identifying the .British Strata. 4to. 
London. 



Stevenson, R. 



1820. 

On the Bed of the German Ocean or North Sea. 
Edinbr. Phil. Jowrn., vol. iii., pp. 42, 314. 



Smith, W. 



Anon. 

CoNYBEABEj REV. W. 

and W, Phillips. 



1821. 
- • Geological Map of Lincolnshire. 

1822. 

Hjstory of Stamford, 4to. Stamford. 
D. Outlines of the Geology of England and Wales, 
(pp. 56, 78, 164, 197, 246, 273.). 8vo. London. 



SoWEBBY, J. 



A. W. [(Db. 
Wesbubgh.)] 



1822-23. 

The Mineral Conchology of Great Britain, 
vol. iv. 8vo. London. 

1824. 

Sketches illustrative of the Topography and 
History of New and Old Sleaford in the Connty 
of Lincoln and of several places in the surround- 
ing neighbourhood. (Geology, pp. 363-377.) 
8vo. Sleaford. 



1826. 

Wainweight, J. - - An Historical and Topographical View of the 

Wapentake of Strafford and Tickhill. 4to. 
(Geology, vol. i., pp. liv.-lxvii.) 



Saundebs, J., June. 



1834. 

History of the County of Lincoln, with a Map 
and Plates. (Geology, p. 17.) 4to. London and 
Lmcolm. 



1837. 

Dikes, W. H., and J. E. Geology of Nettleton Hill. Mag. Nat. Hist., 
-Lee. • ser. 2, vol. i., pp. 561-566. 



Anon. 



\ ' 1838. 

History of the County of Lincoln. 2 vols. 
4to. London, [Geology, vol. i., pp. 38r-56.] 



Bedfobd, W. 



1839. 

An Account of the Strata of Lincoln from a 
recent survey commencing North of the Cathe- 
dral and descending to the Bed of the River. 
Mag. Nat. Hist. K ser. 2, vol. iii., pp. 553-556. 



168 



GEOLOGY OF S.W. LINCOLNSHIRE. 



De la Beche, H. T., W. Tho Eesult of an Inquiry undertaken under 

Smith, and C. H. Smith, the Authority of;the Lords Commissioners of 

Her Majesty s Treasury with reference to the 

Selection of Stone for building the new Houses 

of Parliament. . Parliamentary Report. 



Bowman, J. E. 



BUENE.Y, E. W. 



1840.' 

On a White Fossil Powder found under a Peat 
Bog in Lincolnshire, composed of the siliceous 
fragments of microscopic parasitical confervse. 
[Gainsborough.] Jowrn. Bat., vol. ir., pp. 256- 
264. Trans. Manch. Oeol. Soe., vol. i., pp. 141- 
152. (1841.) 

On Microscopic Yegetable Structures found in 
Peat near Gainsborough. Bep. Brit. Assoc for 
1839. .Rations, pp. 71*72. .. 



Bedford, W. 

PtJSEY, P. - 



1843. 

The Geology of Lincoln. . Papers Lincolnsh. 
Tapogr. Soe., 1841-2, pp. 15-28, pte. i{, ii, 

On the Agricultural Improvements of Lincoln- 
shire. Jowrn Boy. Agric. Soc., vol. iv., pp. 287- 
316. 



1844. 

Phillips, John - • Memoirs of William Smith. (Section, through 

Harps well, of the Oolitic ranges of Lincolnshire). 
8vo. London. 

1847. 

Anderson, Sir 0. A Short Guide to the County of Lincoln with 

noteB on the Geology, Botany, &o. 12mo. 

Gamsborcntgli. 



Clarke, J. A. 



1848. „ , . 

On the Great Level of the Fens, including 
the Fens of South Lincolnshire. Jowrn. B. 
Agric. Spc, vol. viii., p. 80. 



Giles, G. 



1849. ... , 

Beport made to the Sanitary Committee of 
the Corporation of Lincoln on a General Under- 
ground Sewerage of the City, and an. estimate 
of the probable cost of effecting the same. To 
which is appended a Beport of the Sanitary 
Committee made thereon to the Council of the 
Corporation. Pp. 51, xi. ; 4 pis. (sections and 
map). 8vo. Lincoln. 



Brodie, Eev. P. B. 



1850. 

• Sketch of the Geology of the neighbourhood of 
Grantham, Lincolnshire ; and a comparison of 
the Stonesfield Slate at Collyweston. in North- 
amptonshire with that in the Cotswold Hills. 
Ann. Nat. Eist., ser. 2, vol. vi. pp. 256-266. 
Proc. Gotteswotd Nat. Club, vol. i., pp. 52-61, 
(1853). 
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Beodie, Rev. P. B. 

Clarke, J. A. 
Davidson, T. A. - 
Gordon, L. D. B. 



1851. ■ 

Remarks on the Stonesfield Slate at Colly- 
weston, near Stamford, and the Great Oolite 
Inferior Oolite and Lias in the neighbourhood of 
Grantham [slightly altered from the above]. 
Rep. Brit. Assoc, for 1850, Sections, pp. 74-76. 

Farming of Lincolnshire. Jowm. Roy. Agrie. 
Soe., vol. xii., pp. 259-414. 

A Monograpn of British Oolitic and Liassic 
Brachiopoda. Pt. ii. Pal. Boc. 4to. London. 

Local Acts. Copies of Admiralty Reports 
under Preliminary Inquiries Act. Lincolnshire 
Estuary Bill. Report to the Lords Commis- 
sioners of the Admiralty. Pol. Lond. Pp. 16, 
Map [showing increase pf land] and diagrams. 

1853. 

Mobbis, J. On some Sections in the Oolitic district of 

' • Lincolnshire. Quart . J own. Geol. Soe, vol. ix., 

pp. 317-344. 

Mobbis, J., and J. Lycett A Monograph of the Mollusca from the Great 
Oolite; chiefly from Minchinhampton and the 
Coast of Yorkshire. Part II. Bivalves, pp. 1- 
148, pis. i.-xv. Pal. Soe. 4to. London. 



Clakke, J. A. 
Oldham, J. 

Sollitt, J. D. 



Phillips, J. 
Thompson, P. 

Tbollope, Rev. E. 
Wiltshire, Rev. T. 

Kynaston, J. W. 



1854. 

On Trunk Drainage. Jowm. R. Agric. Soe, 
vol. xv., p. 1. 

,.\Qn the Physical Features of the Humber 
Rep. Brit. Assoc, for 1853. Sections, p. 36.-45 
pi. ii. 

On the Chemical Constitution of the Humber 
Deposits. Rep. Brit. Assoc, for 1853. Sections, 
p. 49. 



185o. 
Manual of Geology. 

1856. 



London. 



4to. 



History and Antiquities of Boston. 
London. 

■ 1858. 

On the Alluvial Lands and Submarine Forests 
of ' Lincolnshire. Proc. Geol. Soe. W. Riding 
Yorkshire, vol. iii., p. 637. 

On the Red Chalk of England. Geologist, vol. i., 
pp. 261-278. (Geol. Assoc.) 

1860. 

Analysis of the Water of a Spring at Billing- 
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Trow, Ch., 106, 113, 152. 

Gelston, 88. 

Glacial Deposits, 2, 6, 74. 

Glen River, 8. 

Gloucestershire, 4. 

Goadby Marwood, 12, 76, 142. 

Gonerby, 34, 36, 95, 128, 129. 

Granby, 25, 124. 

Grantham, 3, 8, 34, 35, 42, 44, 92, 94, 

128, 129, 130-136, 142, 145, 158. 
Grant-Wilson, J. S., 120. 
Gravels, Eiver, 2, 90. 

„ Estuarine, 99. 

„ Fen, 2, 99. 

„ Glacial, 2, 83. 

„ Plateau, 87. 
Great Oolite, 2, 4, 5, 61. 

„ Clays, 2, 4, 5, 62. 

„ „ Limestone, 2, 4, 5, 61. 
Grimsthorpe, 67, 132, 133, 134, 135, 137, 

138. 
Grimsthorpe Fark, 16, 63, 64. 
Guthram Cote, 104. 
Gypsum, 17, 18, 121. 

Haconby, 68, 70. 

„ Fen, 103. 
Hagnaby, 73. 
Hale, 87, 145. 
Hanby, 145. 

Hanthorpe, 68, 137, 138. 
Harby, 23, 29, 32. 
Harlaxton, 130, 135. 
Harrison, W. J., 20. 
G. S., 150. 
Harrowby Hill, 146. 
Haven Bank, 110. 
Hawton, 17. 
Haydor, 64, 117, 136. 
Haydor Lane, Wells in, 53, 146. 
Heckington, 87, 146. 
„ Fen, 114. 
Helpringham, 86. 
Herringbridge, 108. 
Holbeach, 104. 
Holland Fen, 104. 

Holloway, W. H., 17, 19, 40, 41, 50, 51, 
56, 63, 66, 69, 82, 87, 95, 96, 145, 147. 
Holwell, 35,37, 119, 120. 
Honington Beck, 93. 
Horbling, 69, 86, 146. 
Hough-on -the-Hill, 38. 
Howbridge Drain, 111. 
Humby, Great, 15, 67, 147. 

„ Little, 14, 67. 
Hydraulic Limestone, 22, 121. 

Ingoldsby, 64, 72, 82. 

Inferior Oolite, 2, 4, 45, 131. 

Ingram, Mr., 39. 

Irnham, 16, 53, 72. 

Iron Bar, 114. 

Iron Ores, 119. 

Ironstone, 29, 37, 45, 119, 120. 



Judd, Prof. J., 22, 33, 42, 46, 52, 61 

76, 83. 
Jurassic System, 1, 2.. 

Kale, 46, 62. 
Keisby, 66. 

Kellaways Beds, 5, 67, 69, 70, 138. 
Keuper Beds, 2, 17. 
Eilvington, 20, 25, 123, 124. 
Kimeridge Clay, 2, 5, 72. 
Kirkby, Mr., 141. 
Kirkby Lay thorp e, 95. 

„ Underwood, 70. 
Kyme, 101. 
„ Fen, 112. 

Leadenham, 40, 43, 130. 
Leasingham, 102, 147. 
Legrand & SutclifF, Messrs., 147, 149. 
Lias, 2, 3, 9. 

„ Lower, 2, 3, 9, 22, 124. 

„ Middle, 2, 3, 9, 33, 128. 

„ Upper, 2, 3, 11, 42, 130. 
Limestones, 22, 34, 52, 61, 62, 117, 121. 
Lincolnshire, 4. 

Lincolnshire Limestone, 2, 4, 11, 52, 117. 
Lindley, F. W., 118. 
Long Clawson, 78. 
Lower Estuarine Series, 4, 47. 

„ Oolites, 3. 

„ Lias, 2, 3, 9, 22, 124. 

Mareham, 71, 147. 

Marlstone Bock-bed, 2, 3, 9, 33, 37,119. 

Marsh, Mr., 145. 

Mather & Piatt, Messrs., 148. 

Melton Mowbray, 2, 3, 147. 

Micklebrough Hill, 17. 

Middle Lias, 2, 3, 9, 33, 128. 

Mineral Resources, 117. 

Morris, Prof., 54, 56, 65, 77, 81. 

Morton near Bourn, 68, 70, 104. 

„ Field, Newark, 17. 
Muston, 127, 128. 

Newark, 8, 17, 20, 84, 90, 123, 148, 149, 

159. 
Newer Glacial Beds, 6, 85. 
Normanton, 150. 

„ Heath, 88. 
Northampton Sands, 4, 45. 

„ Ironstone, 45, 120. 

Old Hammond Beck, 109. 
Older Glacial Beds, 6, 74. 
Oolites, the Lower, 3. 

„ Inferior, 2, 4, 45, 131. 

„ Great, 2, 5, 61, 136. 
Orston, 158. 

Osbournby, 97, 103, 150. 
Osgodby, 66. 
Oseby, 69. 

Owthorpe, boring at, 17, 150. 
Oxford Clay, 2, 5, 70, 138. 
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Peasoliffe Tunnel, 128. 
Peat Beds, 105, 113. 
Fenarth Beds, 19. 
Penning, W. H.; 31,60, 94, 97. 
Pennygate, 107. 
Pickworth, 64, 136. 
Pinchbeck, 105, 107, 113, 152. 
Plateau Gravels, 87. 
Pleistocene System, 1, 2. 
Plungar, 29, 125, 126. 
Pode Hole, 107. 
Pointon, 69. 

Ponton, Great, 55, 56, 79, 80. 
Ponton, Little, 55, 87, 88. 
Post-glacial deposits, 2, 6, 90. 
Physical features, 8. 

Quadring, 108. 
Quadring Fen, 104, 152. 
Qnarrington, 3, 96, 153. 

Rainfall, 163. 
Bainwash, 96 
Rauceby, South, 60, 64, 153. 

„ North, 88. 
Redmile, 28, 33, 125, 126. 
Eeid, C, 74 (note). 
Revesby, 72, 73. 
Ehoetic Beds, 3, 19, 123. 
Rhodes, J., 37, 41. 
Riley, E., 119. 
Rippingdale, 69. 
Rivera, principal, 8. 
River Gravels, 2, 90. 
Eock-groups, Table of, 2. 
Rock-structure of the district, 8. 
Ropsley, 14, 56, 66, 131 to 136. 
Rose, A. 152. 
Roxholme, 102. 
Ruskington, 71, 87, 102, 138. 
Ruskington Fen, 114. 



Saltby, 13, 154. 

Saxby, 84. 

Scalford, faults at, 13. 

„ Boulder Clay at, 77, 78. 

„ Lias at, 35, 38, 43, 128, 129, 

130. 
„ Wells at, 154.1 
Scottlethorpe, 16, 72, 136, 137, 138. 
Scredington, 103, 154. 
Sempringham, 158. 
Shelton, 17, 155. 
Shire Dyke, 96. 
Short, Dr., 158. 
Silt of the Fens, 105. 
Skelliagton, 14, 66, 67, 72. 
Skertchly, S. B. J., 35, 43, 54, 68, 70, 

79, 82, 84, 95, 97, 98, 101, 103, 

105, 107,110,113,152. 
Skirt-Dyke, 112. 
Sleaford, 60, 67, 95, 136, 137, r38, 152, 

155. 
Smite, River, 8, 96. 
Soils, 45, 53, 62, 63. 



Somerby, 53, 155. 

Spalding, 8, 104, 106, 107. 

Sproxton, 13, 155. 

Stamfield, 158. 

Stainsby, fault at, 14. 

Staunton Grange, 20, 25. 

Stickney, 73. 

Stoke Rochford, 44, 79, 130, 131-] 36. 

Stcnesby, 44, 54, 75, 79, 156. 

Strensham Beds, 22, 23, 124. 

Sudbrook, 88. 

Swaton, 86, 103. 

Swarby, 138, 156. 

Swayfield, 56, 66, 77. 

Swinestead, 67, 72. 

Syston Park, 11, 50, 57. 



Tattershall, 101, 111. 
Thorpe Arnold, 156. 

„ Tilney, 101, 156. 
Thornton-le-Fen, 101. 
Threckingham, 69. 
Tilton, ironstone of, 119. 
Torrington, 72. 
Transported masses, 77. 
Trees buried in peat, 114. 
Trent, River, 8, 90, 94, 96. 
Trias, 2, 17. 



Upper Estuarine Beds, 2, 5, 61, 63. 

Upper Lias, 2, 3, 42. 

Ussher, W. A. B., 32, 36, 40, 43. 



Vale of Belvoir, 10. 
Valleys and Faults, 14. 



Wadsley, J., 146. 

Walcott, 158. 

Waltham, 16, 47, 54, 77, 78, 117, 120, 

157. 
Wash, The, 98. 

Weaver's Lodge (Haydor Lane), 53. 
Welbourn, 40, 41, 43. 
Wellingore, 41, 128, 129. 
Westborough, 31. 
Wheeler, W.H., 95, 111. 
White Lias, 20. 
Wilson, B., 19, 20, 23, 24, 25, 27, 37, 39, 

42, 119. 
Wilsford, 58, 64, 66, 117. 
WinkhiU, 95. 
Witham, River, 8, 92, 96. 

„ Estuary, 110. 
Wood, S. V., 74. 
Woodward, H. B., 21, 32, 38, 94; 
Woolsthorpe, 32, 35, 120, 127, 128, 129. 
Wykeham, 35, 77, 128, 129, 157. 



Zone of Ammonites angulatus, 23, 28, 
125. 
„ „ armatus, 23, 32, 

127. 
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Zone of Ammonites Bucklandi, 23, 28, 

125. 
„ „ capricornus,23,32, 

33, 127. 
„ „ communis, 42. 

„ „ ibex, 23. 

„ „ Jamesoni, 23, 32, 

127. 
„ „ margaritatus, 33, 

128. 
„ „ Duncani, 70. 



Zone of Ammonites oxynotus, 23, 32. 
„ „ planorbis, 22, 23, 

124. 
„ „ semicostatus, 23, 29, 

125. 
„ „ serpentinus, 42. 

„ „ • spinatus, ' 34, 37, 

128. 
„ Belemnites hastalus, 70. 
„ „ Owenii, 70. 

„ Nucula nuda, 70. 
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GEMEKAL MEMOIRS OF THE GEOLOGICAL SUTCXTEY— continued. 

•Bie CARBONIFEROUS LIMESTONE, TOUEDALE ROCKS and MILLSTONE GRIT of N. DERBYSHIRE 

By A. H. Green, Dr. C. Le Neve Poster, and J. R. Dakyns. (2nd Ed. in preparation.) 
the BURNLEY COAL FIELD. By E. Hull, J. R. Dakyns, R. H. Tiddemak, J. 0. Ward, W. Gunn, and C. E. 

Be Ra nce. 12s. 
fhe YORKSHIRE COALFIELD. By A. H. Green, J. R. Dakyns, J. C. Ward, C. Fox-Stbaxgways, W. H. Dalton, 

R. Russell, and T. V. Holmes. 42s. 
Vhe EAST SOMERSET and BRISTOL COALFIELDS. By H. B. Woodward. 18s. 
Ihe SOUTH STAFFORDSHIRE COAL-FIELD. ByJ.B.JUKES. (3rd Edit.) {Out of print.) Ss.6d. 
Die WARWICKSHIRE COAL-FIELD. By H. H. Howell, ls.ed. 
fhe LEICESTERSHIRE COAL-FIELD. By Edward Hull. 3s. 
JRUPTIVE ROCKS of BRENT TOR. By F. Rutley. 15s. C</. 
fELSITIC LAY AS of ENGLAND and WALES. By F. Rutley. 
IOLDERNESS, By C. Reid. 

BRITISH ORGANIC REMAINS. Decades I. to XIII., with 10 Plates each. Price is. ed. each 4to ; 2s. ed. each 8vo. 
IONOGRAPHI. On the Genus PTERYGOTUS. By T. H. Huxley, and J. W. Salter. 7s. 
IONOGRAPH II. On the Structure of the BELEMNITIDJE. By T. H. Huxley. 2s. ed. 

PONOGRAPH III. On the CROCODILIAN REMAINS foundin the ELGIN SANDSTONES. By T. H. Huxley. 14s, tW 
tONOGRAPH IV. On the CHIMJIROID FISHES of the British Cretaceous Rocks. By E. T. Newton. 5s 
Hie VERTEBRATA of the FOREST BED SERIES of NORFOLK and SUFFOLK. By E. T. Newton. 7s. ed. 
CATALOGUE of SPECIMENS in the Museum of Practical Geology, illustrative of British Pottery and Porcelain. By Sir 
H. de LA; Beche and Tbknham Reeks. 155 Woodcuts. 2nd Ed. by T. Reeks and F. W. Rudler. Is. ed. ; 2s .in boards. 
A DESCRIPTIVE GUIDE to the MUSEUM of PRACTICAL GEOLOGY, with Notices of the Geological Survey, 

the School of Miues, and the Mining Record Office. By Robert Hunt and F. W. Rudler. ad. (3rd Ed.) 
I DESCRIPTIVE CATALOGUE of the ROCK SPECIMENS in the MUSEUM of PRACTICAL GEOLOGY. By 
1 A. C. Ramsay, H. W. Bristow, H. Bauebman, and A. Geikie. Is. (3rd Edit.) (Out of print.) 4th Ed. in progress. 
5ATALOGUE of the FOSSILS in the MUSEUM of PRACTICAL GEOLOGY : 
: CAMBRIAN and SILURIAN, 2s. 6d.; CRETACEOUS. 2s. 9d. ; TERTIARY and POST-TERTIARY, Is. 8d. 

SHEET MEMOIRS OF THE GEOLOGICAL SURVEY. 

Those marked (O.P.) are Out of Print. 
I . - FOLKESTONE and RYE. By F. Drew. Is. 

I • - PARTS of MIDDLESEX, &c. By W. Whitakeh. 2s. (O.P.) 

II - - TERTIARY FLUVIO-MARINE FORMATION of the ISLE of WIGHT. By Edward Forbes. 5s. 
II - - The ISLE OF WIGHT. By H. W. Bristow. 6». (O.P.) 

U • - S. BERKSHIRE and N. HAMPSHIRE. Bv H . W. Bristow and W. Whitaker. 3s. (O.P.) 

15 - - PARTS of OXFORDSHIRE and BERKSHIRE. By E. Hull and W. Whitaker. 3s. (O.P.) 

It - - PARTS of WILTS, and GLOUCESTERSHIRE. By A. C. Ramsay, W.T. Aveline, and E., Hull. Sd. 

H . -CHELTENHAM. By E. Hull, Zs.id. 

IS - - BANBURY, WOODSTOCK, and BUCKINGHAM. By A. H. Green. 2s. 

« SW • - WOODSTOCK. By B. Hull. 1». 

It - - N.W. ESSEX & N.E. HERTS. By W. Whitakeb.W. H. Penning, W. H. Dalton, & F. J.JBennett. 3s. ed. 

BSW - - COLCHESTER. By W. H. Dalton. Is. ed. 

iSE - . EASTERN END of ESSEX (WALTON NAZE and HA RWICn). By W. Whitakeh. 9d. 

« NW NE IPSWICH. HADLEIGH, and FELIXSTOW. By W. Whitaker, W. H. Dalton, and F. J. Bennett. 2s. 

Is 'and 1ALDBOROUGH, FRAMLINGHAM, ORFORD, and WOODBRIDGE. By W. H. Dalton. Edited, with 

BSE -5 additions, by W. Whitaker.) 

SO SW • - STOWMARKET. By W. Whitaker, F. J. Bennett, and J. H. Blake. Is. 

»NW- - DISS, EYE, Ac. By F. J. Bennett. 2s. 

ISW - -CAMBRIDGE. ByW.H. Penning and A. J Jukes-Brows, ls.ed. 

S3 BE - - PART of NORTHAMPTONSHIRE. By W. T. Aveline and Richaed Trench. Sd. 

BNE - -PARTS of NORTHAMPTONSHIRE and WARWICKSHIRE. By W. T. Aveline. Sd. (O.P.) 

SE - - PART of LEICESTERSHIRE. By W.Talbot AVBLiNF,and H. H.Howell. 8<f, (O.P.) 
« - - - RUTLAND, &c. By J. W. Judd. 12s. ed. 
(6NE.SE .NORWICH. By H. B. Woodward. 7s. 
B SW - - ATTLEBOROUGH. By F. J. Bennett. Is. ed. 

{BE • - CROMER. By C. Reid. 6s. 

k NW SW FAKENHAM WELLS, &c. By H. B. Woodward. 2s. 

BNW.SW. ^^f^'^^NsHntJB, , vith p AIlTS of LEICESTERSHIRE and NOTTS, By A. J. Jeees- 

Brown and W. H. Dalton. 
n wny . NOTTINGHAM Bv W. T. Ateline. (2nd Ed.) 1». 

9 NW - RHYL ABERGELE, and COLWYN. By A. Si'Rahan. (Notes by R. H. Tiddemak.) 
§NW - PRESCOT LANCASHIRE. By K.Hull. (3rd Ed. With additions by A. Stkahan.) 3s. 
|NE- - ALTRINCHAM, CHESHIRE. By E. Hull. Sd. (O.P.) 

I NW "sw" STOCKPOR^MACCLESFIELD, CONGLETON, & LEEK. By E. Hull and A. H. Green. 

»«f" VARltof NOTTINGHAMSHIRE and DERBYSHIRE. By W.T. Aveline. (2nd Ed. 6d. 

f NE ' " PARTS of NOTTINGHAMSHIRE. YORKSH IRE, and DERBYSHIRE. By W. T. Aveline. 

WNW-' PARTS of NOTTS, YORKSHIRE, and DERBYSHIRE. (2ndEd.) By W.T. Aveline. ed. 

87 SW . BARNSLEY. By A. H. Green, fid. 

*$7' ' P4RT^f I the B YORKSUiRE , COAL-FIELD. By A. H. Green, J. R. Dakyns and J. C. Ward. Is. 

88 NE - - DEWSBURY, HUDDERSFIELD, and HALIFAX. By A. H. Green, J. R. Dakynb, J. C. Ward s,nd 

R. Russell, ed. 
19SE - -BOLTON, LANCASHIRE. By E.Hull 2s 

S IE : I Tl^COUN^Y^ween* ^VERPOO^ind^O^PORT. By C. E. De Rance. 2d. (O.P.) 

mot SOUTHPORT LYTHAM, and SOUTH SHORE. By C. E. De Rance. ed. 

I?«w " ThnOOTTNTRY between BLACKPOOL and FLEETWOOD. By C. E. De Rance. ed. 

2 SF - BUADTORDandSKIPTON. By J. R. Dakyns, 0. Fox-Steangways, R. Russell, and "« . H. Dalton. ed. 

91 NW . NORTH Md EAST of HARROGATE. By C.Fox-Steangways. ed. 

S wtj ftfc„ nnTTNTRY ' hetween YORK and MALTON. By C Fox-Steangways. Is. ed. 

?JI " " .^iSoNiraROUS IWCKS N. and E. of LEEDS*, and the PERMIAN and TRIASSIC HOCKS about 

S.iSW - - ^Sf^H^EBB v w T .aveline. A.H.Green. J. R. Dakyns, J. C.Ward, and R, Russell, ed. (O.r. 

inv, RTJf ISLINGTON' BAY. Bv J- R- Dakyns and C. Fox-Stran sways. Is. 

5SWSE ' SCARBOROUGH and FLAMBOROUGH HEAD. By C. Fox-Steangways. Is. 

SNW I WHITBY and SCARBOROUGH. By C. Fox-Stkangways and G. Barrow, ls.ed. 

36 SE- . NEW MALTON, PICKERING, and HELMSLE Y. By C. Fox-Strangways. Is. 



is. 



90 NE - 
96 NW, 
98 SE - 
98 NE- 
101 SE 
104 SW, 
108 SE 



SHEET MEMOIRS OF THE GEOLOGICAL SVUVUTi— continued. 

- ESKDALE, ROSEDALE, &». By C. Fox-Strisgways, C. Reid, and G. Baekow. Is. 6d. ' 
SW NORTHALLERTON ana TfliRSK. By C. Fox-Stbangways, A. G. CAMEBoit, and G. Baebow. 

- KIRKBY LONSDALE and KENDAL. By W. T. Ateiise, T. Mc K. Hughes, and R. H. Tiddemait. 2s. 

- KENDAL, WINDERMERE, SEDBERGH. & TEBAY. By W. T. AvEtiWE & T. Mc K. Hughes. 6d. (O.P.) 

- NORTHERN PART of the ENGLISH LAKE DISTRICT. By J. C.Wabd. 9s. 
SE CLEVELAND. By G. Babbow. 

- OTTERBURN and ELSDON. Hugh Miileh. (Notes by C. T. Clouoh.) 



THE MINERAL DISTRICTS OF ENGLAND AND WALES ARE ILLUSTRATED 
BY THE FOLLOWING PUBLISHED MAPS OF THE CEOLOCICAL SURVEY. 



COAL-FIELDS OF ENGLAND AND WALES. 

Sca.e, one inch to a mile. 
Anglesey, 78 (SW). 
Bristol and Somerset, 19, 85. 
Con I brook Dale, 61 (NE Si SE). 
Clee Hill, 53 (NE, W). 

Flintshire and Denbighshire, 71 (NE & SE), 79 (NE, SE). 
Derbv and Yorkshire, 71 (N W. NE, & SE), 82 (NW & SW), 

81(NE),87(NE,SE),88(SE). 
Forest of Dean, 43 (SE & SW). 
Forest of Wyre, 61 (SE), 55 (NE). 
Lancashire, 80 (NW),81 (NW), 89,88 (SW, NW). 
Leicestershire, 71 (SW), 63 (NW). 

Northumberland & Durham,103, 105,106 (SE), 109(SW,SE). 
N. Staffordshire, 72 (NW), 72 (SW),73(NE),80(SE),81(SW). 
S. Staffordshire, 54 (NW), 62 (SW). 
Shrewsbury, 60 (NE), 61 (NW & SW). . 
South Wales, 36,37, 38, 40, 41, 42 (SE, SW). 
Warwickshire, 62 (NE SE),63(NW SW). 54 (NE).5S (NW). 
Yorkshire, 88 (NE, SE), 87 (SW), 92 (SE), 93 (SW). 



CEOLOGICAL MAPS. 

Scale, six inches to a mile. 
The Coal-fields and other mineral districts of the N. of 
England are published on a scale of six inches to a mile, 
at 45. to 6s. each. MS. Coloured Copies of other six-inch 
maps, not intended for publication, are deposited for refer- 
ence in the Geological Survey Office, 28, Jormyn Street, 
London. 



Lancashire. 



Sheet. 

15. Ireletii. 

16. TJlver»tone. 

17. Cartmel. 
22. Aldingham. 
47. Clitheroe. 

43. Colne, Twiston Moor 
49. Laneshaw Bridge. 
55. Whalley. 

66. Haggate. 

67. Winewall. 

61. Preston. 

62. Balderstono, Ac, 

63. Accrington. 
fii. Burnley. 

65. Stiperden Moor. 

69. Layland. 

70. Blackburn, &c. 

71. Haslingden. 

72. Cliviger, Bacup, &c. 

73. Todmorden. 

77. Chorley. 

78. Bolton-le-Moors. 

79. Entwistle. 
80. . Tottington. 
81. Wardle. 



Sheet. 

84. Ormskirk, St. Johns, &c. 
55. Htandish, &c. 

86. Adlington, Horwick, &c. 

87. Bolton-le-Moors, 

88. Bury, Hey wood. 

89. Rochdale, &c. 

92. Bickers taffe. 

93. Wigan, Up Holland, &c. 

94. WestHoughton.Hindley. 

95. Radcliffe, Peel Swinton. 

96. Middleton, Prestwich. 

97. Oldham, &c. 

100. Knowsley, Rainford, &c. 

101. Billinge, Ashton, &c. 

102. Leigh, Lowton. 

103. Ashley, Eccles. 

104. Manchester, Salford, 4c. 

105. Ashton-under-Lyne. 

106. Liverpool, &c. 

107. Prescott, Huyton, &c. 

108. St.Helen's.BurtonWood. 

109. Winwiek, &c. 

111. Cheedale, Stockport, &c. 

112. Stockport, &c. 

115. PartofLiverpool.&c. 



Durham. 



1. Ryton. 

2. Gateshead. 

3. Jarrow. 

4. S. Shields. 



5. Greenside. 

6. Winlaton. 

7. Washington. 

8. Sunderland 



Sheet. 

10. Edmondbyers. 

11. Ebchester. 

12. Tantoby. 

13. Chester-le-Street. 

16. Hunstanworth. 

17. Waskeriey. 

18. Muggleswick. 

19. Lanchester. 

20. Hetton-le-HoIe. 

22. Wear Head. 

23. Eastgate. 

24. Stanhope. 



Durham — continued. 



Sheet. 

25. Wolsingham. 

26. Brancepeth. 
30. Benny Seat. 

32. White Kirkley. 

33. Hamsterley. 

34. Whitworth. 
38. Maize Beck. 

41. Coekfield. 

42. Bishop Auckland. 

46. Hawksley Hill House 

52. Barnard Castle. 

53. Winston. 



44. Rothbury. 
45 Longframling- 
ton. 

46. Broomhill. 

47. Coquet Island. 

54. Longhorsley. 

55. Ulgham. 

56. Druridge Bay. 

63. Netherwitton. 

64. Morpeth. 

65. Newbiggin. 

72. Bedlingtou. 

73. Blyth. 



Northumberland. 

80. Cramlington. 98, 

81. Earsdon. 101. 

82. NE.ofGilsland.102. 

83. Coadley Gate. 

87. Heddon. 103. 

88. Long Benton. 105. 

89. Tynemouth. 106. 

91. Greenhead. 107. 

92. Haltwhistle. 108. 

93. HaydonBridge.109. 

94. Hexham. 110. 

95. Corbridge. 111. 

96. Horsley. 112. 

97. Newcastle. 



Walker. 

Whitfield. 

Allendale 

Town. 
Slaley. 
Newlaiidsl 
Blackpool Br. 
Allendale. 
Blanchland. 
Shotleyfield. 
Wellhope/ 
Allenheads. 



55. Searness. 

56. Skiddaw. 

63. Thackthwaite. 

64. Keswick. 

65. Dockrayc. 



2. Tees Head. 
6. Dufton Fell. 



7. Redcar. 
9. 



12. Bowes. 

13. Wycliffe. 
20. Lythe. 

24. Kirkby Ravens 

worth. 

25. Aldborough. 
82. Whitby. 

83. ■ 

38. Marske. 

39. Richmond. 

47. Robin Hood's 
Bay. 

53. Downholme. 

68. Leybourne. 

82. Kidstones. 

81. E. Witton.: 

97. Foxup. 

9S. Kirk Gill. 

99. Haden Carr. 
100. Lofthouse. 
110. Arnolifle. 



Cumberland. 

69. Buttermere. 

70. Grange. 

71. Helvellyn. 

74. Wastwater. 

75. Stoncthwaite Fell. 

Westmorland. 

12. Patterdale. 25. Grasmere. 

18. Near Grasmere. 38. Kendal. 



Yorkshire. 

116. Confstone 

Moor. 
133. Kirkby 

Malham. 

184. Dale End. 

185. Kildwick. 

200. Keighley. 

201. Bingley. 

202. Calverley. 

203. Seacroft. 

204. Aberford. 

215. Peeke Well. 

216. Bradford. 

217. Calverley. 

218. Leeds. 

219. Kippax. 

231. Halifax. 

232. Birstal. 

233. EastArdsley. 
284. Castleford. 

246. Huddersfield. 

247. Dewsbury. 

248. Wakefield. 

249. Pontefract. 

250. Darrington. 



260. Honley. 

261. Kirkburton. 

262. Darton. 

263. Hemswortli. 
261. Campsall. 

272. Holmfirth. 

273. Penistone. 

274. Barnsley. 

275. Darfield. 

276. Brodsworth. 

281. Langsell.' 

282. M'ortley. 

283. AV.ith upon 

Dearnt*. 

284. Couisborough. 

287. Low-Bradford. 

288. Ecclesfield. 

289. Rotherham. 

290. Braithwell. 
293. Hallarc Moors. 

295. Handsworth. 

296. Laugh ton -en- 

le-Morthen. 

299. 

800. Harthill. 



MINERAL STATISTICS. 

Embracing the produce of Coals, Metallic Ores, and other Minerals. By R. HUNT. From 1853 to 1857, inclusive, 
Is. 6d. each. 1858, Part I., Is. 6d. ; Part II., 5s. 1859. Is. 6rf. 1869,8s, <Sd, 1861, 2s.; and Appendix, Is. 1862, 2«. 6rf. 
1363. 2s. Od. 1864,2s. 1865,2s. 6d. 1866 to 1881, 2s. each. 

(These Statistics are now published by the Home Office, as parts of the Reports of the Inspectors of Mines.) 

THE IRON ORES OF GREAT BRITAIN. 

■'art I. The North and North Midland Counties of England (Out of print) . Part It. South Staffordshir?. Price Is. 
Part 111. South Wales. Price Is. 3d. Part IV. The Shropshire Coal-field and North Staffordshire. Is. 3d. 
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